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Name  of  Dam:  Swift  Creek  Reservoir  Dam 

State:  Virginia 

Count  v:  Chest  o  r  f  f  «•  1  <1 

I'St'.S  1'iiml  Shoot:  H.illshoro,  Virginia 

Stream:  Swift  Crook 

Pate  of  Inspection:  June  2S,  1 9 7*> 

Swift  Crook  Pam  Is  an  earthflll  structure  about  1,110  foot  long  and 
17,  S  foot  high.  Tho  clam  Is  owned  and  operated  l>v  Chest  orf  1 « •  1  tl  Count  V. 
Tlic*  dam  Is  classified  as  Intermediate  in  size  with  a  high  hazard  clas¬ 
sification.  Tho  dam  has  a  40O_foot  concrete  spillway  (Apncodix  1, 

Plato  No.  1)  with  a  crest  elevation  of  177.0  foot  m.s.l.  A  water  Intake 
tower  Is  located  within  the  reservoir  to  drain  water  from  the  lake  to  he 
used  at  tin*  Swift  Creek  water  treatment  plant  or  to  lower  the  water 
level  In  tho  lake. 

Rased  on  criteria  established  by  the  Department  of  the  Army,  Office  of 
the  Chief  of  Engineers,  the  Spillway  Design  Flood  Is  the  PMF.  Tin* 
spillway  will  pass  601  of  the  PMF  without  overtopping  the  dam.  Tho  SDF 
will  overtop  the  dam  by  3.2  feet  with  an  average  critical  velocity  of 
1.9  foot  per  second.  The  spillway  is  therefore  adjudged  Inadequate. 

It  is  recommended  that  the  owner,  at  his  own  expense,  secure  the  ser¬ 
vices  of  a  professional  engineer  to  determine  whether  the  core  1- 
functioning  properly  and  this  effect  on  the  present  stability  of  the 
dam.  Tho  owner  should  further  investigate  the  seepage  noted  In  Section 
1  and  determine  remedial  measures  to  be  Implemented ,  l.e.  detail  re¬ 
pairs  to  the  spillway,  sealer  joints  and  the  erosion  repairs  and  re¬ 
seed  Ing. 

The  schedule  for  completion  of  remedial  work  which  may  result  from  the 
investigation  should  be  in  agreement  with  the  Commonwealth  of  Virginia 
for  a  reasonable  time  frame  when  all  measures  will  be  completed. 
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SKCTION  1 

PROJECT  INFORMATION 


1 . 1  Genera 1 : 

1.1.1  Authority:  Public  Ijiw  9?-lA7,  R  August  197?  author  1  red  the 

Si'rrrtnrv  of  the  Army,  through  the  CorpH  of  Engineers  to  f  it ( 1 1 . 1 1 <*  a 

national  program  of  safety  inspections  of  dams  through  the  United  S.atcs. 
The  Norfolk  District  has  been  assigned  the  responsibility  of  supervising 
the  inspection  of  dams  in  the  Commonwealth  of  Virginia. 

1.1.2  Purpose  of  Inspection:  The  purpose  is  to  conduct  a  Phase  I 
inspection  according  to  the  Recommended  Cuidellnes  for  Safety  Inspect  ion 
of  Dams  (Appendix  V,  Reference  1).  The  main  responsibility  is  CO  •  ed¬ 
it  iouslv  identify  those  dams  which  may  be  a  potential  hazard  to  human 
life  or  property. 

1.2  Project  Description: 

1.2.1  Dam and  Appurtenances:  Swift  Creek  Dam  is  an  earthen  embank¬ 
ment  dan  1,1  in  feet  long  anil  17.5  feet  high.*  Th<  t  of  tht  .  25 

feet  wide  at  an  elevation  of  1R7.5  feet  m.s.l.  Both  the  upstream  and 

downstream  slopes  are  1(H):1(V). 

The  embankment  has  an  impervious  core  which  is  keved  into  foundation 
bedrock  and  a  foundation  drainage  system.  A  cross  section  and  plan  view 
of  the  dam  are  shown  in  plates  I  and  11  (Appendix  1)  respectively. 

The  spillway  consists  of  a  10-inch  thick  slab,  400  feet  wide  with  a 
crest  elevation  of  177.0  feet  m.s.l.  The  downstream  slope  of  the  spill¬ 
way  is  4(M):1(V)  and  water  flowing,  over  the  spillway  is  collected  in  a 
stilling  basin  prior  to  entering,  the  outlet  channel. 

An  R-foot  x  9-foot  rectangular  water  intake  tower  is  located  within  the 
reservoir  to  draw  water  from  the  lake.  A  10-inch  diameter  pipe  from  the 
tower  is  used  to  supply  water  to  the  Swift  Creek  water  treatment  plant. 

A  aerond,  AO-inch  diameter  pipe  in  the  tower  can  he  used  to  lower  the 
reservoir  level  to  elevation  1A5.0. 

1.2.2  lxH-a t 1 on :  Swift  Creek  Dam  is  located  on  Swift  Creek.  1/4 
mile  north  of  Route  1A0. 

1.2.3  Size  (Massif lcatlon:  The  Swift  Creek  Dam  is  classified  as 
an  intermediate  size  structure  because  of  maximum  storage  capacity 
(34,800  acre  feet.) 


•Height  is  based  on  the  difference  in  elevation  between  the  crest  of  the 
dam  and  the  strenmbed  at  the  downstream  toe  of  the  dam. 


s 
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*•*•*  iwrd  Claeei fleet  torn  Th#  dan  Is  located  In  a  suburban 
araa  with  the  possibility  of  aitanalva  d anas#  and  la  therefore  given  a 
high  hatard  classification  In  accordance  with  guidelines  contained  In 
Section  2.1.1  of  Reference  1,  Appendix  V.  The  hatard  claaalf lcat Ion 
used  to  categorise  dans  la  a  function  of  location  only  and  has  nothing 
ti»  do  with  Its  stability  or  probability  of  failure. 

1.1. S  iVnrrahtjii  The  das  la  owned  by  Chesterfield  County. 

Virginia.  7 

1.2.#  Purpose i  The  reservoir  Is  used  to  supply  water  for  the  Swift 
Wstep  Tmisrnt  Plant.  The  reservoir  Is  also  used  for  recreational 
boating  and  fishing. 

Design  and  Construct  Ion  History:  The  dan  was  designed  bv 
J.  K.  T lessons  and  Associates.  Ca— nit Ing  Engineers.  Richmond.  Virginia 
and  was  constructed  In  |*M. 

1.7. •  feirnal  Operating  Procedures:  The  dan  and  water  treativnt 
plant  are  operated  by  the  Department  of  Utilities  for  Cheaterflrld  County. 
There  are  four  24-Inch  diameter  openings,  at  various  elevations.  In  the 
water  Intake  tower  which  can  h«  ooen**d,  as  needed,  to  nrovtde  water  to 
the  treatnent  plant.  A  30-lnch  diameter  pipe  runs  from  i he  Intake  iiwt-r 
to  the  water  treatment  plant.  An  aJdltlon.il  77-lnch  opening  In  the  water 
tower  can  be  opened  manually  by  means  of  a  head gate  to  allow  the  reser¬ 
voir  to  be  drained  through  a  60-Inch  diameter  pipe  to  a  nlnlmun  elevation 
of  165.0. 

I .  I  Pertinent  Data : 

1*5.1  Oral nags  Araa:  Tha  dam  controls  a  drainage  area  of  64.32 
sousre  alias. 

1.3.2  Dlacharga  at  Pan  Sits: 

Haxlaua  flood  -  Unknown. 

Spillway 

oool  level  at  top  of  tha  apUlwav  endwall#  .  .  2«,II70  c.f.g. 
pool  level  at  tha  craat  of  the  dan .  44,900  c.f.a. 

1.3.3  Dnn  -ind  Reservoir  Data:  Pertinent  data  on  th#  dan  and  reser¬ 
voir  ara  shown  In  the  folTowTg'g  tablet 


Table  1.1  DAM  AfP  RESERVOIR  DATA 


V.M.-rvol  r 


1 1  ra 

F.lovat  ton 
foot 

Area 
arrow  _ 

Ac  re 
foot 

Cnpnrl ty _ 

W«t  embed 
t  nc  lie*  _____ 

length 
ml  1  <•« 

Too  of  Hw 

187.5 

2.961 

17,230 

9.6 

5.4 

Too  of  1 ho 
wotllw.iv  end- 
wall  a 

185.0 

2,644 

30,240 

8.1 

5.0 

SMllv.iv  Crewt 

177.0 

1,624 

13,180 

3.0 

3.6 

Stre.r»hed  at  the 
il.«vo-‘  t  ro.iw  tof 

1104 

of  tlio  <l.tn 
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SECTION  2 


ENGINEER  INC  DATA 

?.l  Design:  Hie  dam  was  deni  fined  bv  J.  K.  Timmons  and  Associates, 
Consulting  Engineers,  Richmond,  Virginia  in  IRAS.  The  design  drawings 
are  included  in  Appendix  I.  Also,  included  in  Appendix  IV,  are  copies 
of  the  Soil  borings,  soil  inspection  and  field  density  tests  performed 
by  Er  oehl ing  and  Robertson,  Inc,  in  19A5. 

*2.1.?  Geologic  Setting  of  the  Dam:  The  dam  site  is  underlain  bv 
the  Petersburg  Granite  Formation.  The  granite  is  hound  bv  Triasslc- 
age  sandstones  and  shales  approximately  2,000  feet  west  of  the  concrete 
dam,  in  the  general  vicinity  at  Drv  Creek.  The  Virginia  State  geologic 
map  describes  the  contact  between  the  granite  and  the  sandstones  and 
shales  as  a  northeast-southwest  trending  fault  contact.  The  fault  con¬ 
tact  is  not  shown  to  he  present  beneath  the  dam. 

*2.1.1  Available  Geotechnical  Data:  Soil  test  borings  were  per¬ 
formed  at  the  dam  site  in  19A4  by  Froohling  &  lobtrtion,  Inc.  of  Richmond 
Virginia  in  conlunctlon  with  the  dam  design  performed  bv  J.  K.  Timmons 
and  Associates  in  19A5.  Conies  of  the  boring  records  are  enclosed  in 
Aopendlx  IV. 

In  1‘>7S,  a  geotechnical  investigation  was  conducted  at  the  dam  site  hv 
Schnabel  Engineering  Associates  following  the  occurence  of  seepage  it 
I  he  locations  of  the  AO-Inch  diameter  ditch.  A  copy  of  their  findings 
Is  enclosed  in  Appendix  IV.  Tin-  investigation  included  a  site  inspec¬ 
tion,  a  review  of  existing  design  data  and  an  engineering  analysis  of 
the  dam.  Three  soil  test  borings  were  drilled  in  conlunctlon  with  the 
investigation,  two  along  the  crest  and  one  along  the  downstream  toe 
adjacent  to  seepage  observed  around  a  AO-inch  diameter  drain.  TVo 
observation  wells  were  installed,  one  at  the  downstream  toe  and  one 
lust  downstream  of  the  core  wall  along  the  crest. 

laboratory  tests  were  conducted  on  undisturbed  samples  and  several 
lar  sample*  of  soil  from  the  embankment .  Results  of  drilling  opera¬ 
tions  and  laboratory  testing,  ns  well  as  a  detailed  description  of 
subsurface  conditions  are  found  in  Schnabel’s  report  enclosed  in 
Appendix  IV. 


*2.1,4  Dam  Foundation:  The  dam  foundation  consists  of  weathered 
Petersburg  granite  (Stratum  D  in  Schnabel's  report)  with  some  thin 
deposits  of  stream  bed  deposits  (Stratum  C)  overlving  the  rock  in 
areas  (extent  unknown). 

*2.1.  S  Embankment:  Tito  embankment  shell  consists  of  firm  to 
coarse  siltv  sand,  some  clavev  silt,  slltv  clavev  sand,  and  sandv 
si  I  tv  clav.  The  fines  content  ranges  from  to  S?  percent.  Natural 
drv  densities  rnnged  from  12?  pcf  for  a  sand  sample  to  104  prf  for  a 

clav  samp  1 e . 

♦Information  provided  by  Law  Engineering  Associates  of  Virginia. 


A  consol  Ida  tod  undralned  trlaxlal  compression  test  was  performed  by 
Schnabel  Kngineertng  Associates  on  a  sample  of  the  dam  shell.  An 
angle  of  Internal  friction  of  14*  and  a  cohesion  of  750  psf  were 
determined.  Drained  parameters  were  not  tested,  although  a  drained 
friction  angle  of  27*  and  a  drained  cohesion  of  0  were  used  In  the 
stahi 1  it v  analyses. 

The  embankment  core  consists  of  firm  to  medium  sandy  slltv  clav  and 
sandy  clav,  of  a  stiff  to  very  stiff  consistency.  A  consol idnted- 
undralmd  trlaxlal  shear  test  and  n  direct  shear  test  were  performed 
on  a  sample  of  this  stratum  revealing  the  following: 

Tr 1  axial  Test  D1 rect  Shear  Tea t 

Angle  of  Internal  Friction  19*  23* 

Cohesion  1500  psf  630  psf 

Hie  trlaxlal  compression  test  data  were  used  In  the  analyses  hv 
Schnabel.  Drained  parameters  of  20*  friction  and  of  0  psf  cohesion  were 
eat Imuted  hv  Schnabel • 

*2.2  Construction  of  the  Dam:  A  review  of  the  contract  drawings 
hv  Schnabel  engineering  Associates  is  enclosed  In  Appendix  IV. 

Inspection  of  fill  placement  for  the  dam  was  provided  by  Froehling  A 
Robertson,  Inc.  of  Richmond,  Virginia.  Soil  Inspection  records  are 
enclosed  In  Appendix  IV.  The  records  revealed  the  fill  was  tested. 

In  addition,  a  note  recorded  on  (Vtoher  5,  1965  stated  "It  was  evident 
that  an  undetermined  amount  of  fill  was  placed  Monday."  It  Is  not 
clc.tr  as  lo  vhcr.  the  not e  was  referring.  However,  soli  placement  on 
Oi  inl>i  r  5 1  h  was  In  I  lie  vlclnltv  of  the  core  and  downstream  embankment 
at  Stations  U  >tl  through  5+00  and  at  an  elevation  of  175  to  17‘>  m.s.l, 
Hu-  note  that  tinenitt  rol  led  (111  may  have  been  placed  In  addition  to 
the  fact  that  some  of  the  embankment  soils  were  placed  at  four  percent 
above  optimum  are  the  only  discrepancies  from  sound  const  rue t Ion  prac¬ 
tice  indicated  hv  the  Inspection  records. 

Stahl  11  tv  analyses  were  conducted  bv  Schnabel  F.nginecrlng  Associates 
for  the  area  of  the  dam  adfacent  to  the  60-lnch  diameter  drain  where 
seepage  had  been  observed.  The  analvses  considered  the  effects  of 
sudden  drawdown  of  the  reservoir  on  the  upstream  slope  and  steady 
state  seepage  on  the  downstream  slope.  Tt  is  understood  that  the  line 
of  seepage  for  steady  state  conditions  was  developed  fri»m  ohserv.it  ion 
well  readings  as  shown  In  Drawing  3  of  Schnabel's  report  In  Appendix 
TV.  The  results  of  the  analvses  are  ns  follows: 


Case 

t.ond  I  ng 

Cond 1 t Ion 

Factor  of 
Snf  et v 

Remit  red  Minimum 
Factor  of  Safety 

I 

Sudden  Drawdown  of 

3 

1.2 

Reservoir  (upstream  slope) 

III 

Steady  Seepage 

1.5 

1.5 

(downstream  slope) 
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It  should  be  noted  In  Drawing  3  that  the  critical  failure  circle  for 
Case  I  loading  conditions  goes  through  Stratum  D.  There  was  no 
laboratory  data  presented  for  Stratum  D  and  it  is  highly  unlikely  a 
critical  failure  would  occur  in  this  very  dense  material  weathered 
rock  rather  than  In  the  Stratum  B  soils  (clay  blanket)  above  It. 

In  addition,  the  line  of  seepage  estimated  from  observation  well 
readings  taken  on  lune  2f>,  1979,  Is  significantly  higher  than  that 
used  in  Schnabel's  analysis. 

*2.3  evaluation:  The  assumed  parameters  appear  to  be  sufficient 
to  evaluate  the  structural  stability  of  the  dam.  The  phreatic  surface 
elevation,  indicated  by  B-2  at  the  time  of  the  Inspection,  was  about 
15  feet  higher  than  the  phreatic  level  used  by  Schnabel  Engineering 
Associates  in  their  stability  analyses  of  the  downstream  slope. 

This  discrepancy  would  result  In  a  much  lower  factor  of  safety  than 
the  I  .  S .  value  of  1.4ft  Indicated  In  Schnabel's  report. 


•Information  provided  bv  Law  Engineering  Associates  of  Virginia. 
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SECTION  3 


VISUAL  INSPECTION 


3 . 1  Findings : 

3.1.1  Central:  The  results  of  the  25  June  1979  Inspection  are 
recorded  In  Appendix  III.  At  the  time  of  the  Inspection,  the  pool 
elevation  was  177.0  feet  m.s.l.  which  Is  normal.  A  previous  Inspec¬ 
tion  of  the  dam,  performed  In  1978  hv  J.  K.  Timmons  and  Associates, 
Inc.,  Richmond,  Virginia,  is  included  In  Appendix  IV.  Tlie  ground 
around  the  abutments  was  dry  and  covered  with  grass  and  small  shrubs. 
There  were  no  obvious  signs  of  sloughing  or  erosion. 

During  the  present  site  Inspection,  water  level  readings  were  taken 
In  two  observation  wells,  B-?  located  at  the  crest  of  the  dam  and  lust 
downs t  ream  of  the  core,  and  H-3  Its*  uted  lust  downstream  of  8-2,  at  t  In- 
toe  of  the  dam.  The  water  level  readings  taken  on  June  25,  1979 
(Plate  1,  Appendix  III)  indicated  either  the  core  wall  Is  not  func¬ 
tioning  or  the  pool  elevation  is  above  the  core  and  water  is  following 
a  line  of  seepage  above  It. 

Water  level  readings  taken  In  1978  Indicated  the  core  was  functioning 
properly.  Plate  1  In  Appendix  III  Is  a  typical  cross-section  of  the 
dam  taken  at  the  observation  well  locations,  and  shows  the  two  approxi¬ 
mate  lines  of  seepage. 

3.1.2  Dam:  The  embankment  appears  to  be  In  good  condition,  lu*w- 
ever,  some  surface  erosion  was  noted  on  the  downstream  slope  at  the 
toe  of  the  embankment ,  approximately  400  feet  to  the  right  of  the  left 
abutment  (see  Photograph  of  downstream  face  of  the  dam.  Page  111.) 

3.1.3  Appurtenant  Structures:  Observations  of  the  intake  tower 
indicated  that  it  was  In  good  condition.  The  four  24-inch  head gates, 
used  for  supplying  water  to  the  treatment  plant,  and  the  72-inch  head- 
gate,  used  to  allow  water  to  pass  through  the  60-lnch  diameter  pipe, 
all  appeared  to  he  in  good  condition. 

•Evidence  of  seepage,  approximately  1  gpra,  was  observes!  adjacent  to  a 
80- Inch  diameter  drain  lorated  at  the  downstream  toe  of  the  dam. 

Marsh  grass,  cattails  and  saturated  soils  were  observed  adjacent  to 
t  he  p I pe . 

•Adjacent  to  the  retaining  wall  on  the  left  side  of  the  spillway,  embank 
ment  soils  were  saturated  over  an  area  starting  about  12  feet  to  the 
left  of  the  wall  and  extending  downstream  a  distance  of  about  10  feet. 


•Information  provided  by  Law  Engineering  Associates  of  Virginia. 


3.1.4  Spillway:  The  general  condition  of  the  concrete  spillway 
surface  was  got*!  although  some  small  cracks  were  noted.  The  Inspection 
also  revealed  some  seepage  In  the  concrete  slab  Joints. 

3.1.5  Reservoir  Area:  The  surrounding  area  Is  wooded  and  flat 
with  no  shoreline  erosion  or  apparent  slope  failures.  There  Is  no  In¬ 
formation  available  pertaining  to  sedimentation. 

3.1.6  Downstream  Channel :  Water  flowing  over  the  spillway  crest 
Is  Initially  collected  In  a  stilling  basin.  The  stilling  basin  Is 
approximately  400  feet  long  anil  170  feet  wide  with  side  slopes  of  4(11): 
l(V).  The  outlet  channel  extends  620  feet  from  the  stilling  basin  to 
the  natural  Ht re. imbed . 

The  natural  streambed  Is  about  50  feet  wide  with  side  slopes  of  about 
MH):1(V).  The  natural  streambed  Is  covered  with  small  shrubs,  grass 
and  trees. 

3.2  Evaluation:  The  dam.  In  general,  appears  to  be  in  good 
condition.  It  is  recommended,  however,  that  remedial  action  he  taken 
to  repair  the  sealer  In  the  slab  Joints  on  the  spillway.  The  areas 
of  the  embankment  where  erosion  has  occured  should  he  repaired  and 
reseeded.  Hie  causes  of  the  high  phreatic  surface  as  Indicated  by 
the  reading  of  the  observation  wells  should  he  Investigated. 


SECTION  4 


OPERATIONAL  PROCEDURES 

4.1  Procedure :  Die  normal  pool  elevation  Is  177.0  feet,  which 
is  the  crest  of  the  spillway.  The  primary  function  of  the  reservoir 
Is  to  provide  water  for  the  Swift  Creek  water  treatment  plant.  The 
water  Is  discharged  Into  the  treatment  plant  through  a  30-tnch  dia¬ 
meter  concrete  pipe,  at  elevation  167. which  runs  from  the  water 
Intake  tower  In  the  reservoir  to  the  treatment  plant.  The  water  In 
the  tower  Is  regulated  manually  by  opening  up  to  four  24-lnch  diameter 
Inlets,  two  at  elevation  167.0,  one  at  elevation  169.0  and  one  at  ele¬ 
vation  17?. 0  A  separate  72-lneh  headgatc  Is  used  to  regulate  water 
passing  through  the  60- Inch  diameter  drain  pipe  with  the  capability 

ol  lowering  ( lie  reservoir  to  elevation  16r>.0. 

4.2  Va Intenance :  The  Chesterfield  County  Department  of  Utilities 
maintains  the  dam  In  conlunet ton  with  the  water  treatment  plant.  Rou¬ 
tine  maintenance  consists  primarily  of  mowing  and  Insuring  that  the 
Inlet  and  outlet  structures  are  (roe  of  debris. 

4.3  Warning  Sysjtem:  At  the  present  time  there  Is  no  warning 
system  or  evacuation  plan  In  operation. 

4.4  Evaluation:  The  normal  operation  and  ma Intenance  of  this 
dam  Is  performed  hv  the  Chesterfield  Countv  Department  of  Utilities 
together  with  the  operation  ami  maintenance  of  the  Swift  Creek  Wetter 
Treatment  Plant.  The  dam  does  not  require  extensive  operational 
procedures  and  the  current  system  seems  to  he  functional.  The  program 
for  routine  maintenance  seems  to  he  adequate,  however,  unusual  prob¬ 
lems  such  as  the  failure  of  the  lolnt  material  should  he  exam  I  noil  and 
corrected  through  an  annual  Inspection  program. 


SECTION  5 


iiYnRAin.ir/HYnnni.rv:ic  data 

5.1  Design:  No  data  were  available. 

5.2  Hvdrolojjtc  Records:  None  were  available. 

5.1  Flood  Experience:  No  records  were  available. 

5.4  Flood  Potential:  The  PMF  and  1/2  PMF  were  developed  and 
routed  through  the  reservoir  hv  use  of  the  HF.C-1  computer  program 
(Reference  2,  Appendix  V)  and  appropriate  unit  hvdrograph,  precipi¬ 
tation.  and  storage-outflow  data.  Clark's  Tc  and  R  coefficients  for 
the  local  drainage  area  were  estimated  from  basin  characteristics. 

The  rainfall  applied  to  the  developed  unit  hvdrograph  was  obtained 
from  a  V  S  Weather  Bureau  Publication  (Reference  1,  Appendix  V). 
bosses  were  estimated  at  an  Initial  loss  of  1.0  Inch  and  a  constant 
loss  thereafter  of  0.05  Inch/hour. 

5.5  Reservoir  Regulation:  Pertinent  dam  and  reservoir  data 
are  shown  In  Table  1.1. 

Water  is  passed  from  Swift  Creek  Reservoir  to  the  water  treatment  plant 
located  approximately  600  feet  from  the  dam.  A  30-inch  pipeline  from 
a  water  intake  tower  In  the  reservoir  runs  through  the  dam  to  the  treat¬ 
ment  plant.  Water  also  flows  past  the  dam  over  the  spillway  in  the 
event  water  In  the  reservoir  rises  above  elevation  177.0. 

The  storage  curve  was  calculated  by  use  of  U  S  Geological  Survey  Quad¬ 
rangle  Maps.  Rating  curves  were  developed  for  the  spillway  and  non¬ 
overflow  section  of  the  dam.  In  routing  hydrographs  through  the  reser¬ 
voir,  it  was  assumed  that  the  initial  pool  level  was  at  the  spillway 
crest.  Flow  to  the  water  treatment  plant  was  neglected  during  routing. 

5.6  Overtopping  Potential:  The  probable  rise  of  the  reservoir 
and  other  pertinent  Information  on  reservoir  performance  is  shown  in 
the  following  table: 


» 


» 


* 


Table  5.1  RF.SF.RVOTR  PF.RFORMANCF. 


Item 

Normal  Flow 

Hvdrograph 

1/2  PMF  PMF  (a) 

Peak  Flow,  C.f.s. 

1 n f 1 nw 

64 

57,615 

115,231 

Oi  t  f 1 ow 

— 

35,422 

85,180 

Maximum  Flevatlon 

feet,  m.s.l. 

186.0 

190.7 

Splllwav  (Flevatlon  177.0) 

Depth  of  flow,  feet 

9.0 

13.7 

Velocity,  fps  (b) 

14.2 

17.5 

Non-overflow  section  (F.levetlon  187.5) 

Depth  of  flow,  feet 

3.2 

Duration,  hours 

— 

10 

Velocity,  fps  (b) 

— 

1.9 

Tallwater  elevation. 

feet  m.s.l. 

149+ 

(a)  The  PMF  Is  an  estimate  of  flood  discharge  that  may  be  expected 
from  the  most  severe  combination  of  critical  metcorologic  and 
hvdroloRlc  conditions  that  are  reasonably  possible  In  the  region. 


(hi  Critical  velocity. 


5.7  Reservoir  Imp  tying  Potential:  a  72-lnch  he ad gate  along  with 
a  60-lnch  diameter  drain  pipe  at  elevation  161.0  are  available  for 
dewatering  the  reservoir.  The  Rate  will  permit  withdrawal  of  about 
328  c.f.s.  with  the  reservoir  level  at  the  crest  of  the  spillway  and 
essentially  dewater  the  reservoir  to  elevation  165.0  in  about  31  days, 
assuming  a  normal  Inflow  of  64  c.f.s. 

5.8  FvjiJhiat  Ion:  Rased  on  the  sire  (Intermediate)  and  hazard 
(high)  classifications,  the  recommended  Spillway  Design  Flood  is  the 
PMF.  The  spillway  will  pass  41T  of  the  T’MF  without  overtopping  tlu* 
spillway  emlwalls,  and  6UT  without  overtopping  the  dam.  The  PMF  will 
overtop  the  spillway  endwalls  for  14  hours  and  reach  a  maximum  of  5.7 
feet  over  the  top  of  the  spillway  endwalls.  Tlu*  PMF  will  also  over¬ 
top  the  dam  for  10  hours  and  reach  a  maximum  of  3.2  feet  over  the  top 
of  the  dam,  with  an  average  critical  velocity  of  1.9  feet  per  second. 

Conclusions  pertain  to  present  day  conditions.  The  effect  of  future 
development  on  the  hydrology  hse  not  been  considered. 


5-2 


SFCTION  6 


STRUCTURAL  START LITY 

*6.1  Foundation  and  Abutments:  The  dam  Is  constructed  on  the 
weathered  Petersburg  Cranlte  with  Isolated  alluvial  deposits  above 
the  granite  at  several  locations  (extent  unknown).  The  alluvial 
deposits  were  to  have  boon  removed  during  construction,  and  from 
the  borings  performed  hv  Schnabel  Fnglnoerlng  Associates,  It  appears 
that  t  lie  mil  lor  1 1  V  of  these  deposits  wen-  removed. 

b.2  Vmbankment : 

*6 .2.1  Materials :  The  contract  drawings  called  for  the  embank¬ 
ment  shell  to  be  constructed  of  soil  excavated  during  the  construc¬ 
tion  of  the  spillway  and  that  soils  were  to  be  compacted  to  95T  of 
maximum  drv  density.  The  embankment  core  was  to  be  constructed  of 
clav  Imported  to  the  site.  In  accordance  with  the  1978  report  bv 
Schnabel  Knglneerfng  and  Associates  (Appendix  TV),  the  installation 
of  tills  fill  was  ndeciuatolv  inspected  to  Insure  compliance  with  design 
sped  I  lent  tons . 

*8.2.2  Stability:  Stability  calculations  were  performed  bv 
Schnabel  Fnglneering  Associates  in  1978,  using  a  combination  of  tested 
and  assumed  soil  parameters.  The  results  of  the  stability  analyses 
are  reported  In  Section  2  (Refer  to  Appendix  IV). 

*  6.3  Fvaluatlon:  Visual  observations  do  not  reveal  anv  problems 
which  Indicate  Instability,  except  for  water  seepage  adjacent  to  a 
60-inch  diameter  drain  located  at  the  downstream  toe  of  the  slope. 

The  assumed  strength  parameters  appear  sufficient  to  evaluate  the 
structural  stability  of  the  dam.  However,  the  phreatic  surface  eleva¬ 
tion,  indicated  hv  R-2  at  the  time  of  Inspection,  Is  about  IS  feet 
higher  than  the  phreatic  level  used  bv  Schnabel  Fnglneerinr  Associates 
In  their  stability  analyses  of  the  downstream  slope.  Tills  discrepancy 
would  result  in  a  much  lower  factor  of  safety  than  the  F.  S.  value  of 
1.46  indicated  in  Schnabel's  report. 


•Information  Provided  bv  Law  Fnglneering  Associates  of  Virginia. 


SECTION  7 


ASSESSMENT  AND  REMEDIAL  MKASDRKS/RECMMMKNDATIONS 

7 . 1  Dam  Assessment : 

7.1.1  Based  on  criteria  established  by  the  Department  of  the  Army, 
Office  of  the  Chief  of  Engineers  (OCE) ,  the  Spillway  Design  Flood  is 
the  PMF.  The  spillway  will  pass  60~  of  the  PMF  without  overtopping  the 
dam.  The  SDF  will  overtop  the  dam  by  1.2  feet  with  an  average  critical 
velocity  of  1.9  feet  per  second.  The  spillway  Is  therefore  ad  1  ltdged 
Inadequate. 

Seepage  was  observed  adjacent  to  the  60-lnch  diameter  outlet  pipe  and 
in  the  Joints  on  the  concrete  spillway.  The  sealer  in  these  Joints 
has  deteriorated  to  a  large  degree  allowing  moisture  to  seep  through 
in  several  locations.  Erosion  was  also  detected  In  two  areas  on  the 
downstream  side  of  the  embenkment.  These  need  remecial  action. 

*7.1.2  From  a  geotechnical  standpoint,  the  dam  appears  to  be 
functioning  we  1 1 ,  with  the  exception  of  seepage  conditions  as  noted 
In  Sect  Inn  1.  Tn  addition,  the  water  level  readings  obtained  on  June 
26,  1  *>  7  at  two  observation  wells  at  t  ho  crest  and  downstream  too 
Indicate  either  the  core  Is  not  functioning  properly  or  the  pool  had 
risen  and  seepage  was  occurring  above  the  core.  The  higher  line  of 
seepage  created  by  this  condition  makes  the  stability  of  the  dam 
quest lonahle. 

The  available  geotechnical  engineering  data  and  assumptions  made  for 
the  strength  properties  of  the  embankments  and  foundations  are  gener¬ 
ally  acceptable.  The  possibility  of  a  higher  phreatic  surface  as 
observed  at  the  time  of  Inspection  was  not  considered  in  previous 
stability  analyses.  Assuming  that  the  core  was  constructed  properly. 

It  is  not  unreasonable  to  expect  the  phreatic  surface  level  In  the 
embankment  to  fluctuate  due  to  changes  in  precipitation  and  pool 
level.  Therefore ,  the  factor  of  safety  for  the  downstream  slope  which 
was  determined  by  using  a  phreatic  surface  much  lower  than  observed  on 
June  26,  1979  Is  not  considered  accept Iblc. 

*7.2  Recommended  and  Remed 1 a  1  Measures :  Action  should  be  taken 
to  determine  whether  the  core  Is  functioning  and  to  determine  the 
present  stability  of  the  dam.  The  evidence  of  seepage  adjacent  to  the 
60-inch  diameter  drain  and  around  the  left  side  of  the  spillway  should 
be  Investigated  so  that  remedial  measures  can  be  implemented.  The 
sealer  In  the  |olnls  on  the  concrete  spillway  should  be  repaired  as 
soon  as  possible  and  the  areas  of  the  embankment  where  erosion  has 
occured  should  be  repaired  and  reseeded. 


♦Information  provided  by  1-nw  Engineering  Associates  of  Virginia 


*7.2.1  It  is  recommended  that  the  owner,  at  his  own  expense, 
secure  the  services  of  a  professional  engineer  to  monitor  the  seepage 
and  phreatic  levels  to  determine  whether  any  further  studies  are 
neccssarv.  The  enRlneer  should  also  make  recommendations  to  correc¬ 
tive  measures  suggested  In  7.2. 

The  owner  should  have  a  schedule  for  these  Invest lRat Ions  within  2 
months  after  the  date  of  notification  hy  the  Governor  of  the  Common- 
wealth  of  VlrRlnla. 

The  schedule  for  completion  of  remedial  work  which  may  result  from  the 
invest lRat Ion  should  be  in  aRreement  with  the  Commonwealth  of  VlrRlnla 
for  a  reasonable  time  frame  when  all  measures  will  be  completed. 


♦Information  provided  hr  lv»w  FnRlneerlnR  Associates  of  Virginia. 


-  —  "  /7 

'  I  ^ 


.  o'"  v  /, 

,  -Sr,*  \  * 

//.MV  ^  \\VAJ  1 


y  DAM  SITF. 


[  • '  W  J  / 

nn/J. 


^  VNtv^/ 
*  C  %  * 


>/ 

sv 

r*  •  / .  /  r  v. 

•■<•'.  • "  )1  /  v  •  t 

/  •  '  w  v.  ^yvv-x 


L  J  , 

•  .  « _ _ 


tUj  iL 


4  Su  /j 


•V 

ii*  «  i  i  l  * 

*•••  % 


»•  ••  •*«  M%«*  )»  «  M6  *t  '  .  H<4lN 

’ *®  -  -**4**. •*  *1  ii^iia  m  ftMin 


HALLSBORO.  VA. 

Nj;»j  *//);&/)•> 

196) 

pmoiomi  visi  i»  i-*.*  ani>  iv;« 

«“S  MM  I  NW  M  Mil  S  V(t\4 


SCALE:  1"  -  2000’ 

lfl*  Cnrtrnurm 


VICINITY  HAV 
SWIFT  CRFEK  RF.SKHVOIR 


inmu 


PLATE  I 
MOT  TO  SCALE 


LAYOUT  PLAN 


«  *«•  •  v»»7 

.  *•*••*> 

•  *•  *•  V  t  «  >W^ 

»•  ••%•  •'  •••***  T%\* 


"  w 

A - • 

»*-*t  at 

t*T 

• 

-  »  I  Vf* 

f*w  -'A  0 
i  s 1 

»f:  •'  v  1 

I:OlH 

PI  .ATE  2  NOT  TO  SCALE 


J 

—  • 

r  ?'  *JMN 

l  «>,  -•  ; 

tartfrUK1- 

r 

'*  L 

ii 

1 

-  1 

'f  ; 

L| 

j  , 

i 

• 

i 

fJSd 

’r4 

-i 

'  f 

JKJJ]'  N,  '  >1 

pr-*rir^Vj 

1  / 

r  ^ 

.» 

-1- 

L__\4i 

r  ‘t 

!#■  «>■  -  il  4 

-««■  • 

4 _ 

1  5 

HU 

T 

✓  *1 

»  ’  .+" 

«*« 


*■] 

1 

SECTIONS  a  DETAILS 


PPOHLE 


Sc  Alt 
tfrw  r*«o 
u*!.  t  r* 


"J*.*  *»:•■>! 


i  ,»*»( 

:  ••  : 

T  TtttTf' 

If;'  X 

r.r-f 

‘  ; 

‘  Sa 

Lu 

^  -1 
;{a  fii,  * 

! 

■:Numu  fe*- 

3 _ - 

_ y 

-Tl 

7 

.. :_  1 

f  '  1 

A” .  .1 

;  k- 1 

-•  *; 

•  !• 

. 

k  '.i» 

i'r-2  i 

! 

I <? 

:'.rw  » 

i 

*r  *  ~  \ 

*  r 

I;  ‘ 

L4 

li  -,| 

1 

r%i  *} 

ilk  ^4. 

j 

«H 

Kt 

•j  “•.: 

*  '*  *t 

i  ” 

j 

I  ' 

1 

— 

5 

Ml 

KM 

tiM  lUKNOflK*-  1_IlV.  !«1)3 


COPS 


LOCATIONS 


PPOFtlt 


B3RC 


f  m 

H  •••  M 
M*  •  • 


VT4  H<« 


(/»•«  b)  % 


jrr.B  1ml,  i: 


avH<  o*  twiiwM  .  .«wi 

watc*  »umr  »t$to 

SMlf.T  ..C^L*. 

DAM  a  ROAD  PWOFII 


PUTI  8 


MOT  tO  TCALT 


1  ?! 

i  ''*C- 

t  *  __ 

J 

J 

VHl 

*C»i  1>50 
Vt»~  ! 


*«0 


♦  fOC 


JttiL 


iKX 


otao 


(W 


SCALf 
»*>*/  lAfO 

UT  »•«> 


t  1 

1 

i  ..  J 

A  *»  ‘  « 

L>  •  -4 

_  '  1 

f- - -  |P 

LJ..1 

T 

1  ^  ...  .1 

t 

- -  J 

;  - r 

1 

L  ;.:! 

( 

►  -  •  *  i 

8*M«& -<15.*.  *?  fLTutt 
HLTtQ.  PLA*T 


“1 - ..TJ=} 

T"I 

I  -r^t 

|»«— «  »•  •  •  • 

1  V  . 

J  " 

V  1  ft  #  A 

A  1 

SWIFT  CREEK  RESERVOIR 


PHOTOCRAPH  NO.  3 
Concrete  Spillway 


PHOTOTRAPH  NO.  4 
Top  of  Spillway 


PHOTOGRAPH  NO.  5 
60-lnch  Diameter  Drain  Outlet 


PHOTOGRAPH  NO.  6 
Downstream 


■F*-  *  ’  *r  f 

Wl' 

*  <r  wx-jM 

|B'  i 

^  v  s  ^sCb, 

Rc>&/ts<$  •*»  a 

lit  7^ - - 

/  Tv 

\ 

_ -  /  »-  \ 

petty ^ 

▼ 

/>■ 

_ /  k  '  -fc.  r  «--  7  7~iysy  h 

— ^ - i- —  —  - *  X  \  I  C-O&tr 

I 


1 


b.  CKimCHNlCAL 


«.  Int  rod net ion 

Our  scope  of  services  for  the  Swllt  Creek  1  r  «  l:n  !  ■  ,  1 1  e 

inspect  ion,  review  of  exi-ti  I  •  . 

of  three  tent  borings,  soil  1  .'!>••  •  -it  i  (. 

The  i.riitcclmiral  eng  I  nee i  lug  1  i  In*  1<  .  !(.  »)  .')  tli 

limpet  t  ion,  test  borings.  >  'l  1  *i  «teiy  t»  i  i  ■ 
design  data  to  develop  the  l  lit  ig: 

1.  1st  Invited  subsoil  prof  lit  •  ■■  J  r.  i  !  •  ! 

critical  section  of  the  tvilt  tree!  ;>  a. 

2.  Evaluation  of  Swift  Cri  >  t  ’  it  •  !  ; 

3.  Stability  analysis  of  Sw  ft  i'r«  ■  1  i  i  1  •  1 1  •  •  r 

critical  conditions  developed  during  the  i  t. 

A.  Report  of  findings  cone  t  n  in.  »  o  -  fit  ;h.  i  i  V 

with  respect  to  geotechnt.  >1  >  -i 

This  scope  of  work  corii  spends  t  o  fit-  l!.:  .  !  it..  .  t 

Phase  1  and  Limited  Phase  11  Study  out  1  i  I  in  "V.t 

lines  for  Safety  Inspection  of  Dai"  with  r.  il 

engineering. 

The  Swift  Creek  Reservoir  Dan  is  lee  ;.d  on  .  :  !  ;  1  3  ft 

nerth  of  U.S.  Route  360  in  l  1  ■  !  :  !  t 

constructed  in  196^,  has  a  ■ •  it  i  ■  t  1 

pool  level.  KL  177.  The  dai 

maximum  height  of  about  3i>  It  1  r.  -  t  r  . • }  ■>  to  lh< 

t  .  *  •  I  t  he  d  »«.  The  _ k 

principal  spillway  extends  to  t  e  ith  !  t  with  a  tit  .! 

width  of  A00  f t .  A  60  inch  d i •  ter  ; a 
cast  abutment. 

The  general  layout  of  the  d  ir>  an -I  spillway  ‘  t  ■  <>.  d  i  <!•  .  ti 

drawings  is  included  on  |t,  -,w  I  ■  2.  In  it  n>li  <>i  I  .1 

topographic  data.  The  initial  i  •  t  .  1 1  •  .  .  it  < 

the  regional  geology  for  the  dir  and  review  of  tin  •  t i-  .t  .  . i  t 
drawings.  Thin  review  was  foil  wed  hy  a  vi  ual  t  t. ..■  «! 

b.  Regional  Oology  i 

A  brief  geological  study  was  •  of  t!  tt  ,  i 

determine  the  type  of  rock  whi  h  e  id  r 3 i .  t  w  t  r  o:  t 

any  faults  are  present.  This  ■  t’i  w  p  i  i  v!<  -  lv 
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The  dam  appears  to  hr  underlain  hy  tin-  !*«.•  t  •  t  .  '  . 

related  rock  such  as  granite  gneiss,  as  phi  I  u  ai.d  i  :  /  v.  in  . 
p i  ml  to  Is  bound  by  Trl.isf.lt  A >■  <  .uni-. t  ,>n.  ■  >  >  1  '  ■ 

I.-,  t  west  of  the  comet  e  dam.  In  the  gen.  i.il  v.  n  v  o  I  >  <»*. 

Indicated  on  Sheet  1.  The  Virginia  Stare  i  . 

contact  between  the  granite  and  tin  .at  !  i ■.  !  ' 

southwest  trending  fault  contact,  alth.  :eb  t  pi  .*  •■(  t  t 

is  not  indicated  by  the  geolo. ic  r  ip  ol  !  i  ‘  ■  in.  .  .  !.  r 

contact  is  not  shown  to  be  present  h>  m  ath  tin  ;  i  This  i  further 
supported  by  the  absence  of  faults  or  fault  nes  in  tl  If-  it*  ’  e  her 
of  outcrops  observed. 

The  da*  Is  located  In  an  are  a  v!  re  I  !u-  pr«  >!lt>  of 

It.  low  and  Is  expected  to  can  >  only  inoi  e  .  e.  1  •  II.  tin- 

dam  In  located  in  a  Zone  1  >  i|.  ,n  ,  i  i  .  ,  d  |.v  lit  i  .*r;  -.  ol 

I  tig  i Heel  a. 

c.  Kevlew  of  Aval lahl.  0.  ;  * 

Our  review  of  design  data  was  1  it- i  r  ed  t  o  t)  i  t  e  t  «  t 

I  . 

Associates  and  dated  May  15,  1065,  v  it  t  ;  r  ••  i 

engineering  considerations.  UV  under ->t  t  :  ln..i;’ 

of  the  embankment  foundat Ion  sub  rade  i  I  3 

const  met  ion.  However,  this  data  v.t  no  1.  .  r  !  i< 

The  ilim  In  a  coned  earthen  i- - 1.  oikn  .-nt  v.t  .  ■  •  •  i 

designed  to  penetrate  to  rock  or  oth  t  oil  :  i. 

upstream  clay  blanket  is  also  provided  «-> ; .  i  •  t<- 

about  110  ft  beyond  the  upstream  ten  to  t  .  :  m  ti 

Is  provided  at  the  downstream  toe.  A  f:l  in  1  i  ■  ;i. . 

along  the  cast  abutment  with  entitaep  c  li  Jr  t  to  the 

upstream  toe. 

Tin-  dam  side  slopes  are  t!  r.  . 

and  downstream.  However,  a  b*  r  t  i  1  ■  -  .  with 

a  slope  of  12  horizontal  to  one  rt  i.  il  i-  ••  up  t  ri 

slope.  Thus  t  in-  up st  t i  m 

It  Is  our  opinion  that  the  overall  ’  n  •  t  I  r  :  a 

is  In  eccor d.mce  with  generally 

engineering. 

d.  Field  inspection 

1.  Settlement  and  Slop.  It; 

Tin*  embankment  crest  and  side  .lopes  v.  :  ■  t .  1  .  •>  i  •  1,  i 

following  lowering  of  the  j  -ol  w.r.  r  i.  It  . ’j  i 
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O.S  ft  he  low  nor  rial  pool  level.  No  lm  .*  1  i  :-»•«! 

or  j  ink  holes  were  noted.  Smooth  i-.  !>  :  v. 

out  and  no  surface  cracks  weri  evident  w:  v.  I  it. 

stability  problems.  However,  .•  in  e  a  de  !i  lv  It  w 

not  available  for  review,  we  r a  I  a  1  it 

dams  stability  be  Included  In  this  study.  11.  t  ill  of  till 
analysis  are  included  in  Section  2  of  the  rep-  rt,  t  lie  II 
Study. 

2 .  Seepage 

An  area  of  seepage  was  observed  at  eh.  t  e  <  f  ('  .  n  it  e  •  1  ]■  in  t 

west  of  the  (i0  i nett  d i .nn<*t  »•  r  drain  noted  ; - i  c v  i  a ■.  1  v  .>  -.1  11-  . i  i  1 1  <■.!  • 
Photographs  1  &  2.  This  v.n  th»  on]  . 

fare.  This  seepage  apparently  b  .  I  •  v ■  .  1  i  <1  o 

to  the  presence  of  marsh  p.ra  an-!  eat  i  r  ve 

this  seepage  Is  related  to  the  backfill  Dm  <1 

Inch  diameter  drain  pipe  since  the  i  1>  i\  1  i  1  .  at<  ..bout 

b  to  H  ft  west  of  tin*  pipe  centerline.  It  it.  p 1 <  rely 

eliminate  this  type  of  seepagi  sine  •  t  j  wily  In 

tl  ' 

increasing  the  length  of  the  flow  p  it  h  al-  .1  ith  tin  •? 

seep  ape  collars,  however,  i-ore  i  t  ■ 

doei  not  have  a  downstream  dr  a  •  M. 

to*-  drain  to  allow  Interception  <  f  tbi- 

the  area  at  the  toe  of  the  sloj  -  .  The 

than  1/A  gpm. 

A  w  .in  ohst-rv.it  ion  well  was  t  11-  , 

Photograph  3  to  determine  the  1*1.  <  trie  -v  ■  i  t  b 

ip.e.  Hi  is  well  l  inli.  ill  !  t 

the  ground  surface  and  is  prohabls  lnfluei  .  b  . ! ! •  t 

of  the  toe  drain.  Thus  it  apj  r*  tin 

the  general  Piezometric  level.  hi  i  -a  1  i;  r  •  .t  the 

seepage  Is  related  to  the  plllw  ,  t  1.  t  i  » 

this  seepage  is  a  major  prohlcs  at  t  i  t  ,  -  vi  r,  .  t .  .  •  nd 

that  the  area  be  monitored  by  i  .uty  per  i  it  • 

Any  increase  In  the  quantity  oi  flow  r»t  imli  ii  1  u  t  ■  1  lr-  1  - < •  1  •  r 

erinled  from  the  dam  should  be  reported  i  -  u  :  .-i  u  i  •  !  I>  at  ton. 

3 .  Dr a  triage  Systin 

A  toe  drainage  system  was  provided  in  th.  -  i  -n  md  w.  '  e  with 

outfall  pipes  adjacent  to  the  |  ir  .1  ;  ID  v  i  !  .  h  dra  n. 

The  discharge  from  these  drains  t •  r  md  • 

suspended  soils  washing,  from  tl  int-  ri  -  t  1  t. 

However ,  the  central  outfall  t  ■  .It  ,  '  D  ,  t 

located.  We  understand  this  cut  *  a ] I  t  v  ,t 

coni  trw t  ton  when  t  he  i mount 

dam  foundation  exceeded  th<  .»•  ait  <  ri  ’  dut  •  .  .  .. 

unsuitable  material  was  pi.  id  al  i 

downstream  low  area  hrtv.i  li  III  It 

basin.  Seepage  entering  the  »  n  1 1..  t  I  ■  I 

was  diverted  to  the  outiall  .  i  at  -  •  '  i 

— —  i.  . .  —  —  iCHiitHi  (noi-.i  i  m*io  «»'  i*»r 
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a  corresponding  chnnp.e  In  tin*  diieiti  ni.  <  t  li  pi j><  o;-.  . 

Since  the  outfall  adjacent  to  tin*  60  ltitli  I  v.m  .•  i  t  1  1  win 

at  capacity,  the  drain  is  apparently  provi  •  I  I  .  i  ity 

and  the  deletion  of  the  middle  outfall  was  i  t  t  .1. 

Lxisting  underbrush  nnd  trees  should  be  i  .  '  fri  the  ,i  of  Ice 

drain  out f nil  pipes.  Nrlodlt 
the  drains  are  free  flowing. 

4.  Slope  T r<»t rr t  Ion 

The  embankment  was  observed  for  v  ve  and  ;  ui '  i  •  t  ten.  No 

major  erosion  problems  wt  re  det«  .  t<  <  .  Tin  »  1  ..ill 

maintained  and  continuing  mint*  will  ut  1  *  •  *  i  i.>n 

problems . 
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2 .  Phase  II  Study 

a .  Subsoil  Conditions 

Outing  our  initial  site  visit.  It  u.is  noted  1 1  •  1 1  the  downstream  toe 
of  t  In*  dim  near  the  (>0  Inch  d  1  a  met  i  i  di.tln  w  wot  I  U  tin’  po  lhl«* 
too  seepage.  In  order  to  roonllot  tin-  j-l.ro.it  i-  surface  thrnu.li  the 
d<w  At  this  location,  two  ti-ii  Bor  1  ,  i  I  B**2  were  dr i  1  led  Ml 

About  Station  2+15  at  the  toe  and  t  ,  >t  the  dam.  V.'.it.i  ob-  .-rv  .-.t  .  •  m 
wo  11  n  were  installed  to  ol  l»-w  font  I  n  altering  >>f  tin-  v  t  r  1 «  v «  1 

through  the  dan.  A  third  t.  t  Hr.  ,  '  3  w  •  drilled  t I  touj-1-.  t  r< 

5  It  north  of  the  dam  centerline  ..t  bout  St  t  ion  .'  ♦<»  to  ov.lu  -  i). 

ronf lrmance  of  the  cutoff  trench  and  >  r  r  t.ri  1  witli  d.  sign  require¬ 
ment*.  Undisturbed  soil  samples  wot.  obtain  d  from  all  t<  •(  boil  .  .  to 

evaluate  material  properties. 

The  tost  borings  wore  dtillod  by  W.K.  l>\  i  ...  ,  Rich:  .1,  V  luia,  .! 

•  -i  by  our  peraowM i . 

B  and  data  are  projected  on  the  dan  .  .  t  ion--  in.  ludod  on  )'iv  -.  1 

on  t  ho  test  bor  lngs,  the  f  ol  1  ,  i  .  .  .  ■  ■  -  d  ■  II  t  i  !  ■  t 


the  site  to 

the  depths  indicated: 

Stratus  A: 

From  the  ground  surface 

to  depths  of  9  to  23 
ft  (embankment  shell) 

Brown  fine  to  coarse  sand,  FILL 
(SM)  ,  Ron.  1  1  .yo  silt  with  t  -ok 
fragments;  fine  to  coarse  silty 
clayey  rand,  FILL  (SC),  and  fine 
to  medium  sandy  silty  clay, KILL 
(Cl), with  rook  fragment*;  lo.<  e 
to  film  and  t: odium  consistency 
(N-5  to  ?<>) 

Stratum  B: 

Below  Stratum  A  to 
depths  of  35  to  48.5 
ft  (embankment  core) 

Brown  and  reddish  brown  fine  to 
medium  and.  -  illy  clay  and  randy 
clay,  FI i  1.  (Cl  CH)  ,  with  rock 
fr.i,  ms;  -tiff  to  very  stiff 
consistency  (N  8  to  16) 

Stratum  C: 

Below  Stratum  A  to 
a  depth  of  14.2  ft 
in  Boring  B-3  (stream 
d.  pos  i  t) 

SAND,  tract 

■•lit,  w;  ill  t.  i  .  and -organic 
matter  (SM);  loose  (N-8) 

Stratum  D: 

Below  Strata  B  anJ 

C  to  the  maximum 
depth  of  penetration, 

48.9  ft  (ftliduil 
soil) 

Cray  dl  Integrated  rock  (SM); 
very  compact  (N*100+) 

The  depth  of  topsoil  varied  from  3  to  5  inch-  ati-d  <>n  the 

boring  logs.  N-values  indicate  the  low  and  I  St  .  ir  I  Penetration 
Test  resistances  encountered  in  a  particular  1  .r  as  dot ct mined  fr.-m 
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tlic  number  of  blows  required  to  di  ive  u  2  I  mb  n.D.  1  1/  lucli  I .  I), 

sampling  spoon  one  foot  using  ••  140  pound  l>  i  falling  30  Inches. 

This  test  Is  conduct i'd  after  seating  the  i  ; •  1 «- »  six  i:  bi  s  In  the 
oa  of  t!u‘  hole  according  to  ASTM  D-1586. 
of  Stratum  D  Is  residual  material  with  N-valu<  s  in  om  osi,  :>f  60  bl  -• 
per  foot  and  less  than  100  blows  for  2  inches  of  penetration,  which  is 
considered  refusal. 

Water  was  not  encountered  during  drilling  in  all  borings.  l.ong- tern 
ii  tilings  obtained  from  water  «d.  ervnt  ion  vc  Ii  i  ill  tie  gioun  -  t«r 
varies  from  about  KL159  at  the  down-. t  ream  f.u  e  of  the  t  re  to  ibout 
hi.  158  at  the  ti>c  of  the  dam.  Fluctuations  In  the  phi  ietlr  siirl.ui  .  iy 
result  due  to  vari.it Iomh  in  pool  level,  precipitation,  surface  rumif, 
and  evaporat ion  occur lng  throughout  the  year. 

b.  Soil  laboratory  Testing 

Seven  undisturbed  tube  •  mples  an<!  sev«  i  1  i  •  ,  !  vori  test'd  I 

data  are  presented  in  the  Sunt  ary  of  Soil  1  •  (ill  v  l<  ts  Include.]  in 

Appendix  A.  Soil  classification  Is  by  the  1'.  'd  .1'  ,  A'  TM  I'  <  7. 

1.  Stratum  A-Ftnc  I 

r  1  .lyi'j^  ‘and  (SCj  and  dv  i  I  _s  .  :  «  i  !  '  nt  slu  'I) 

The  soils  of  this  stratum  are  variable  with  f  i  r.ti  t  r. unglu.  from 

25  to  52  percent.  Natural  dry  der.sitii  ran  >-d  fr.  122  pi  f  for  a 

sand  sample  to  104  pc  f  for  n  rlay  (.ample.  ’•  tur  1  if.ture  contents 

varied  from. 7.1  to  19.5  percent.  A  pc 1 1  l>  i I  1 1 y  to  t  indicated  a  value, 

k-4.8  x  10  ft/min  or  low. 

A  consolidated  undralned  trlaxi.il  to  re  .ion  to  t  was  also  p<  rfon  »l 
to  evaluate  the  soils  undrairud  .r  strength.  Tin  following 

strength  parameters  were  obtained: 

Angle  of  Internal  Friction,  t*  1  •• 

Cohesion,  c “750  psf 

Although  drained  tents  were  not  perfr:  J,  v.  1 i .  the  following  dat 

are  reasonable  for  the  soil  type  uni  .  .!  in  ''.trntum  B 

Effective  Angle  of  Internal  Friction, 

Bl  f*-'  t  ivc  COha*  ion.  . 

2.  Stratum  B-Fine  to  .  o  <t  e  ■  n  •  I  1  :  v  i  '  y  (»  I.)  and  ■  mil-  «  lay 
(i'll)  (embankment  ronj 

I  lie  natural  moisture  content-  of  thl  ,tci  I  .i.  orally  lil;  i  than 
the  soils  of  Stratum  A  rangint  from  19.9  to  potent.  Hie  natural 

dry  densities  are  correspondent  ly  lover  rai  it-  li  i  108  to  100  pcf. 

The  generally  higher  clay  content  of  t:u>  c<  •  1 1  ;  1  is  probably 

responsible  for  the  variation  of  the  e  data  >  <  i,  i  to  Stratum  A 

data.  The  highir  clav  ^  r  1 

peroubility,  k-3.0  x  10  ffc/fliin  w  ty  be  considered  Impervious. 
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Uml  rained  ihetr  strength  |>.»r.i  el  .•  r  r.  obtained  i  :  a  1 1  !  i  lit.d  •>:..!  t  .<  j  - d 

trl.ixl.il  compression  test  and  a  direct  shear  i*  t  ire  .  loll--.: 


Anv.lt*  of  Internal  Friction 
Colics  ion 


Trill X 1  aj_  Test 
-l‘)° 

c*lSl)0  ps.f 


Direct  Shoal  I  -  t 

.o 


t*-23 
C  h  10  psf 


The  trlaxl.il  compress  Ion  test  data  were  used  in  out  analysis. 

Estimated  drained  strength  parameters  are  as  follows: 

Effective  Angle  of  Internal  Friction  0’*2O' 

Effective  Cohesion  c ’ “  0  psf 

c.  Coo  technical  Engineering  An  -  l_j  i- 


Tin*  ha** lc  design  requlements  included  in  the  contract  plain-  which  wore 
tv. 1 1  ualed  In  more  detail  in  this  pha  e  of  1 1><  in!,  i  In. led  1)  the 

I . . .  Ion  •  oinl  1 1  Ions,  ,’)  tin  ’.I.  till  l.,.  .1  n't  i,  and  1) 

I  lie  geometry  of  tin*  dam. 

1.  Foum|at_lon  _ Com)  it  ions 

The  test  borings  drilled  prior  to  construction  define-  the  soil  types 
encountered,  but  do  not  ln« ludi 

These  borings  are  Included  on  Sheet  11  of  the  c»  tract  dr  win;  .  The 

.  • .  ited  hot t  on  of  cutoff  ti 

the  bottom  of  the  cutoff  trench  to  h.  I  led  on  >  rani  to,  w.  .-r.  .! 
granite,  decomposed  granite  or  r<  Idual  day  -11  .  The  r.  .in.!  r  of 
I  he  dam  w.ih  to  be  supported  on  natural  ground  following  r.  r  iv.il  of  all 

mi  *nle  overburden. 

The  lest  borings  drilled  at  the  •  Ite  for  till*,  study  Indicate  t  he  data 
was  founded  on  the  natural  disintegrated  rock  of  ir  .tn"  C  at  the 
.  as  spot  If  I «  >1 . 

weathering  of  the  underlying  Petersburg  grinitt  rock.  A  3.5  ft  layer 
of  ■  ind,  probably  the  former  :  tt>  '  b*  I  ol  w  ft  Cr*  1  w.i  en.ouiUet  1 
In  I-  ring  B-3.  However,  the  :  or.-  rt  ant  .  it  t  r-  n<  h  i  r  <  -  , 

penetrated  by  Boring  B-l,  and  al  -  1  .!  in  t  I  i  r  !'v  i  f  t  Creek 

bed.  Indicated  all  stream  depot:  It  .  .1  b  en  r-  v  to  dl  iut.  rated 

i ...  k  as  required.  Tt>.  lation  and  on-built  con  as  Indicated 

by  the  test  borings  are  In  our  Jud;  .  it  i  ■  :  ry  and  In  conformance 

with  standard  geotcchncl.il  engineer  log  practice. 

2.  Material  and  Co-pact  ten  '•  .'  I.1' 

The  contract  drawing  indicate  the  «  '  ink  ml  shell  wt  to  be  constructed 
of  residual  soil  from  the  splllw  iv  *  cation  and  thit  all  soils  v.  re 

to  be  compacted  to  951  of  r.ixi  i>.  tv  Ity  t  "i.ii  to  A  M  D  1  '57 

(Modified  Proctor).  Tfie  e-hani  nt  c  re  was  to  bo  i  •orted  clay  with 
the  same  degree  of  compact Ive  i  'fort  required  during  placement.  The 
shell  and  core  soils  have  been  designated  Strata  A  and  B  respectively 
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f or  purposes  of  this  study. 


Natural  densities  obtained  from  "undisturbed"  tube  •  inples  appear  to 
indicate  a  slightly  lower  density  range  than  would  l>e  required  to 
meet  the  specifications.  This  is  probably  due  to  tin  di  lurbance 
associated  with  obtaining  and  testing  this  type  of  sample, <  •  pec  ially 
since  the  soils  contain  rock  f rngnent s. 

We  understand  that  full-time  inspection  of  INI  Inst  al  lat  ion  was 
piovlded  during  construction  and  thus  we  believe  it  is  not  m n  <iy 

to  evaluate  this  further. 

Classification  tests  indicate  Stratum  A  materials  to  range  from  SC  to 
CM.  The  permeability  of  one  sample  f  r»  i  till  stratum  was  very  low  at 
k  •'*.8  x  10“  ^  ft/min.  From  •  pert  I  *  ,  his  soil  Is 

.  cel  lent,.  St  rat  urn  H  so  1 1*.  i  • .  • 

and  clays  classified  CL  and  Ut  re.-.|  i  i  t  ively  .t  !  .it  ling.  to  the 

.  i  ,.u  require— nts.  Tin 

indicated  the  soil  is  essentially  Impervious  with  a  ■  j  lability  of 
1.0  x  10-9  f t /min.  This  is  an  excellent  core  >  ittrial. 

3.  Coo met  ry  of  D  in 


The  clay  core  was  penetrated  by  both  Boring  B-l  and  11-2  and  w.  .  found 
to  conform  generally  with  tlu  contra,  t  drawing,.  The  core  i  ■  li  htly 
wider  than  recommended  at  Station  2+15  where  >riug  1-2  was  drilled 
ns  illustrated  on  Crwg  3.  his  a  j<o  Itlve  factor  with  r.  p.  rt  to 
seepage  through  the  dam.  The  t op  et  tl  .  :•  it  >t  i  -1,  St.it  ion 

2-*95,  extends  to  only  about  KL  179  or  il>  ut  9  It  ••!  w  t ...  <  ’  '  nt 
crest.  The  original  contract  ilrawin  Indie  t .  t  •«  e  was  to  be 

constructed  to  the  top  of  the  dan,  I.  17.  K.i  pui  I  thi-  study, 

vi  have  assumed  this  change  w.  •  ’  a. In  .  o  m  ,  .t  t.  t  u  ..  inee  the 
shell  and  core  material  arc  .similar  and  both  have  lew  |  bility, 

this  change  Is  not  considered  to  be  a  proble:  v.t  ,  t  .  ct  to  continued 
d.im  performance. 

We  understand  further  that  •  xr«  r  iterial  •  i \  i  •  fi  the  dam 

foundation  was  placed  at  the  do-n-.tr.  .m  tot  .  Thi  .  d  lition.il  fill 

increases  the  factor  of  safetv  with  » < spe< t  t»>  1  >e  failure. 

A  stability  analysis  was  perfoi  .1  fo»  tin  t  v.>  :  >-.t  iltU.il  .  .  ml  ■  t  i .  ■ 

1)  sudden  drawdown  of  pool  to  creek  level  tor  tin  up  t  r  •  tm  fate  and 

2)  steady  seepage  for  the  downs tr<  slope.  The  .  i.  di  I  noted 

Cases  I  and  III  by  the  Corps  of  ld>  ni.r-..  ".lie  str.  ugth  |  i.  teis 
described  previously  were  used  in  thi  an  ils  i  i  1 <  •  with  the  dan 
geometry  indicated  on  Section  ‘00,  Drug  3.  S  i  r»<  *  tin  dam  is  United 

in  nn  area  where  the  probability  of  clstnic  activity  is  low  earth¬ 
quakes  were  not  taken  into  account  in  our  «:.ihUlty  analysis.. 

The  minimum  factor  of  safety  for  the  steady  •  •  •  a  •  ,  Case  III  war.  found 
to  be  1.5,  this  condition  or.  ;r  far  the  alt:  1  f  t.  at  ini  shear 
circle  indicated  on  Drvg  3.  Ur  (  .•  1  ,  tb.  ninlrun  f.  .  tor  <■» f  -  ifety 

was  obtained  with  a  deep  rlr«  le  and  wa  .|>out  1.0.  In  .  factor1  of 
safety  are  adequate  for  the  i  o  s  t  .  n  .  I  ,le  red. 


•  CMM.'ll  ll».  » 


3.  Conclusions  nnd  Reroru  n.l.it  ion? 

Rased  on  the  geotechnical  engineering  data  contained  in  this 
report,  the  following  sum  try  of  conclui  loni  and  t .  oonendatlona  la 

|u  I'Miit  oil: 

a.  The  Swift  Creek  Rcaervolt  Dm  contract  drawings  were  reviewed 
for  conformance  with  generally  accepted  principles  of  fcotechnie.i 
engineering.  We  believe  the  design  i-.  suitable  for  the  site 
foundation  conditions  and  r  itcrials  utilized.  However,  the 
construction  inspection  reports  related  to  the  observation  of 
the  dam  foundation  and  cutoff  trench  subg.r.ules  and  t<  ting  of 
she  1 1  and  core  soil  compaction  were  not  available. 

b.  Tin-  d.ira  wan  Inspected  u  lug  tin*  C.S.  At  (  i  of  lit  liu.  i- 
guidelines  for  set  l  lenient  and  slope  stability,  ■  « ■••page,  dtaln.i'.e 
systems  and  slope  erosion  pi. •Mims.  Allies  h  no  c.  tjor  proMei;  . 

we i a  ob served ,  one  area 

toe  Just  west  of  and  adjacent  to  the  60  inch  dia  eler  drain. 

c.  Since  construction  inspection  data  w.  re  not  available  and  a 
small  area  of  seepage  wan  located,  we  have  included  a  1  iled 
Phase  II  Study  to  evaluate  the  confer  nice  of  the  t  b.irl  ent 
soils  with  criteria  included  on  the  design  drawings.  This 
study  included  drilling,  three  lest  horin  a,  installing  two 
permanent  water  observation  wells  to  allow  pr<  .  nt  and  future 
monitoring  of  the  water  level  through  the  dam,  laboratory 
testing  and  engineering  analysis. 

d.  The  Phase  II  Study  Irtd  it<  tnce  of  the  dm 

properties  and  geometry  with  the  e  ;  •■rifled  in  the  eonti  iet 
drawings.  The  t.  the  core  trench  and 

remainder  of  the  dam  foundat Ion  corresponds  to  the  requi rements 
of  the  design  drawing  at  the  j  lot •  invest  ted.  Laboratory 

test  data  Indicate  the  core  alcrlal  is  silty  clay  and  clay 
with  very  low  permeability  and  that  this  material  meets  design 
requirements. 

e .  The  wa t  er  ob BCrvatiOQ 

the  downstream  slope  of  the  •  bant- -ent  varies  fr.ts  about  F.l. 

159  at  the  ed,  ■  •  !  .v.  at  the  down  :t.  U  COO. 

These  data  indicate  the  embanks  •  nt  core  and  the  toe  drain  are 
performing  as  planned.  Both  water  observation  wells  should 
however  be  monitored  periodically  to  determine  any  rwjor 
variation  from  the  water  level  depths  slivn  on  the  test 
boring  logs.  (B-2  25'10,,and  B-3  2'9") 

f.  A  stability  analysis  w.ii  performed  ti  ing  •heir  t  n  u  t  h  data 

developed  in  the  soil;,  laboratory  and  do; . try  to  dctcinhw 

the  factor  of  safety  oi  the  •  •  auknient  with  respect  to  shear 

fa  i  lure . 


•  CNN  A  Of  L  IN..  N1  i  ••  NO  » '.IOC  I  At  f  » 


Cane 


I.o.idl Condition 


Factor  of  Safety 


I  Sudden  drawdown  of  3.0 

reservoir  (upstream 
slope) 

111  Steady  seepage  (down-  1.5 

stream  slope) 

These  factors  of  safety  are  acceptable  and  Indicate  the 
embankment  Is  stable  undet  present  loading  conditions. 

The  water  observ.it  Ion  well  adjacent  to  t be  area  of  seepage 
Indicates  the  phi*  otic  level  is  4  It  b«  1"W  the  er.b.ml  ■•■nt 
surface.  This  Indie  te,  the  «;«  .  p  <  o!  •  erved  on  the  .  •  w  .  . t  t  .  an 
toe  is  perched  above  the  genet  a  1  pbteatl*  surface.  We  I*.  1  (eve 
this  seepage  is  related  to  the  drain  pipe  and  may  he  the  t.  ult 
of  minor  flow  along  the  out  -  Ide  of  the  pipe.  Although  this  is 
not  a  serious  problem,  we  i .  .  < ■-  .  nd  that  the  seep  he  observed 
on  a  quarterly  basis  to  dctei  Inc  any  changes  in  the  quantity 
of  flow  or  the  presences  <>f  suspended  soils  eroding  from 
the  embankment. 

We  have  prepared  this  report  in  accordance  with  generally 
accepted  principles  of  soil  and  (Y  n  d.it  I  n  <  nj- inecr  inp  practice 
and  make  no  other  warrant  le  ,  either  *  ‘-.pressed  or  implied,  as 
to  the  professional  advie.  provided  .  del  the  terms  «i  this 
agreement  and  included  In  tbi  report. 
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Appendix  11 

■  I  K  t  Ai  l  LXPL0KAT10N  DATA 

(Vn<ral  Notes  for  Test  Boring  Logs 
Identlf icatlon  of  Soil  Samples 
Test  Boring  Logs,  B-l  through  B-3 


II..I  l  w  Stem  Auer r  Bitrlngs 

AN  borings  were  drilled  by  hollow  stem  auger  equipment.  The 
St.ind.ird  Penetration  Test  (SIT)  was  performed  at  the  depths  Indicated 
on  the  Test  Boring  Logs.  The  augers  were  advanced  to  the  desired 
depth  with  plug  Inserted,  and  the  Sl’T  war.  performed.  Water  level  data 
is  Indicated  on  the  logs.  Undisturbed  lube  samples  w<  re  )•  r <  <  d 

hydrntil  leal  ly . 

Boring  Location  and  Elevation  Survey 

Test  borings  were  located  as  shown  on  Sheet  1.  These  borings  were 
located  by  taping  from  the  existing  site  features.  Boring  locations 
should  he  considered  accurate  to  3  ft?.  Testing  boring  elevations 
were  estimated  from  available  topographic  data. 


CINI.RAI.  NO  I KS  FOR  II  M  I  >1  t  fi<i  iocs 

1.  N’UMHI’RS  IN  "SAMPLE  SPOON”  COLUMN  INDICATE  REQUIRED  TO  DRIVE  A 

2  INCH  O.D.,  1-3/8  INCH  I.D.  SAMPLING  SPOON  6  INCHES  USINC  A  140  POUND 
HAMMER  KALI.  INC  30  INCHES  ACCORDING  TO  A  STM  D-1586. 

*.  VISUAL  CLASSIFICATION  OF  SOIL  IS  IN  ACCORDANCE  WITH  TERMINOLOGY  SET 
FOR  ill  IN  "VISUAL  IDENTIFICATION  OF  SAMPLES."  Till.  UN  I  FI  1  D  SOIL  CLASSI¬ 
FICATION  SYMIUH.S  SHOWN  IN  PARENTHESES  ARE  BASED  ON  VISUAL  INSPECTION. 

3.  ESTIMATED  GROUNDWATER  LEVELS  INDICATED  BY  y  ;  THESE  IEVEI.S  ARE  ONLY 
ESTIMATES  from  AVAILABLE  DATA  AND  MAY  VARY  WITH  PRK  1 1*  I IAT ION ,  POROSITY 
OF  kill  SOIL,  SITE  TOPOGRAPHY,  ETC. 

4.  REFUSAL  AT  THE  SURFACE  OF  ROCK,  BOl'LDER,  OR  OBSTRUCTION  IS  DEFINED  AS 

A  PENETRATION  RESISTANCE  OF  100  BLOWS  FOR  2  INCHES  PENETRATION  OR  LESS. 

5.  THE  BORING  LOGS  AND  RELATED  INFORMATION  DEPICT  SUBSURFACE  CONDITIONS  ONLY 
A I  rm  PItCIFIC  LOCATIONS  AND  AT  THE  PARTICULAR  t  WHEN  Dl  ILLRD  SOIL 
lONlimoNS  AT  (WHIR  LOCATIONS  MAY  DIFFER  FROM  nSDlTloS  OCCURRING  Ai  MUSE 

INC  laOCAT IONS .  ALSO,  THE  PASSAGE  OF  TIME  MAY  RESULT  IN  A  CHANGE  IN  THE 
.SUH  UK  FACE  SOIL  AND  CKOUNDWATIK  i  SDITLSs  AI  Mll.sK  BORIS;;  LOCATIONS. 


6.  Till  STRATIFICATION  LINKS  REPRESENT  THE  APPK  XIMATE  BOUNDARY  BETWEEN  SOIL 

AND  RUCK  TYPES  AS  DETERMINED  FROM  THE  DRI  1.1  INC  AND  SAMPLING  OPERATION.  SOME; 
VARIATION  MAY  ALSO  BE  EXPECTED  VERTICALLY  BETWEEN  SAMPLES  TAKEN.  THE  SOIL 
PROFILE.  WATER  LEVEL  OBSERVATIONS  AND  IF  Nf  1  RATION  RESISTANCES  PRESENTED  ON 
THESE  BORING  LOGS  HAVE  BEEN  MADE  Will)  REASONABLE  CARE  AND  ACCURACY  AND  MUST 
HE  CONSIDERED  ONLY  AN  APPROXIMATE  R! PRESENTATION  OF  SUBSURFACE  CONDITIONS 
TO  BE  ENCOUNTERED  AT  THE  PARTICULAR  LOCATION. 


/.  BORING  LOG  VERTICAL  SCALE:  1/8  INCH  -  1  FT. 


8.  TEST  BORINGS  DRILLED  BY  U.  K.  DVORAK,  RICHMOND.  VIRGINIA 
UNDER  INSPECTION  OF  SCHNABEL  ENC INKER INC  ASSOCIATES. 


9.  KEY  TO  SYMBOLS  AND  ABBREVIATIONS: 


I 


» 


» 


STANDARD  PENETRATION  TEST 

2"  or  3"  UNDISTURBED  TUBE  SAMPLE 
(RECOVERY  SHOWN  IN  REMARKS  COLUMN) 

PRKSSURF METER  TEST 

VANE  SHEAR  TEST 

S I  ATI C  CONE  PENETRATION  TEST 

NX  OR  2  INCH  O.D.  ROCK  CORE  RUN 
(RECOVERY  SHOWN  IN  REMARKS  COLUMN) 


*,  NO  SAMPLE  RECOVERY 
do,  DITTO 

RQD,  ROCK  QUALITY  DESIGNATION 
u,  NATURAL  MOISTURE  CONTENT 


1 


I 


Mala* 

I  i«4  non 


S>«« 


P»aatifly 


3/4  to  3  1 
No  4  in  |  4 


Noun  I  «»»m 

G<^#>  :.anci  Siii  Ciiy.au  M  oi  mon 


a.i^*.*  uv#  f  oim 

G*a%*  *y  '  >  iy  Si'ty  Clayty 

Si‘ty,  Ciayay.  Silly  C*ayty 


IS  to  SO 


12  IO  3S 


Paatmp  No  700 


Non  plait* 


S  •»«# 

•  •  (.**►# I. 

Sum#  S*M  #»C. 


Niii'*®  No  700 


S'*Hl  *o 


’  >  <M  •  G  M«K#  M«d,  tic 


fanmf  No  TOO 


Madtum  to  High 


Aon 

nth  ruck  f<aym*nr« 
n*th  o-*an*  m#u#i, 

•U 


ihdM  «i»t 
pravanta 

only 


!*••**  #  No  700 


V#*y  N.pA 


StrpM  io 


No  700 


f*  .4*1. ally  *•*..«**«  »*d  lit* out  orpanrt  manor  writ*  or  null 
•  .Ml  till  U*  U  »l 


SIMtaH  S  Unit .ad  Soil  CU«dK«lion  Symbol*  m  mapor  m#t#ri«l  compt.f*«nl  column  Uu  A  l  maCN't  Io* 

UU)*iluiy  .dont.f  »<at*OA 

flOt  M  O*  M  p.»<  •«  ol  »OC  k  <•  »#r  m#n  5  irv  K#« 

PISIN  1 1  GHAT  I  O  NOCK  R  a  initial  *o.l  a  ttandard  |  a  natation  -nr.^t  of  4t  ‘aatt  SO  t  ‘  «*t  O*  rn"r»  PM  ••OI 

NOCK  f  M  AGMI  NTS  -  Anpuiar  p.#*aa  o»  rock  d.ftm  *.i*ad  f»om  tranfpo'tpd  grava’  A***  uprattJ  from  onynal 

r#*n  o«  ttrata  and  a-#  p»at#M  in  a  toil  matrn 

Ou  A  H  T  7  -  A  bard  filrt a  m.n#c*l  o* tan  found  m  fptfcfool 

tHONlTf  iron  o«rdo  dopoaitod  Within  •  aoii  Uyo»  fo*m*n9  c#m«m#,f  daivotiU 

Cf  Mf  NTf  0  SANQ  -  Uaua»y  lot  •Glad  rock  lit#  dapOfitl  n.thm  a  to*'  itratum  competed  of  Mnd  p<a.ni  fam#ntad  by  (•< 
C»um  C a« Sonata  or  ntKar  min#* (Hi 

Mlf*  A  A  toll  %»l«  a  mK»#»a I  found  m  many  roc  a  t  and  »n  rr»*i«»#l  or  Infttportad  v  U  da-  raod  tbaiy*»om 
I  ISSUNf  n  Cl  AY$  Colutnf  *>••»  avbrtxtrng  a  »oi»U  %t»ur  !u«a 

ORGANIC  M A  f  I  HI Al  flaclod^f  r.a0  Top  Soil  Su«U  a  *>••«  t*a»  1..PP—1  plant  Ida  and  *r*acft  conttm  <  r»«t./ta«  *M# 
•mount  •  of  o«  pan  k  -natiar  O*romp»u<t  Va^'atmn  PiM.l'Iy  ita  mj  mmI  OyanH  mattpf  nrSrcH  ra»am»  .  I  ft 
or  »9*n«l  ckaiMlar  L  nd#  -  Dai  ompoutl  or  panic  mtutf  *»>»*  »oaa  fiapd  1  arbon  contpnt  fr#cjuantly  patiatotinf 
drttmtt  tartura  o»  a  >  k) 

f  II  i  Man  itapout  contammp  tori  rock  and  of  tan  lorarpn  m*ttat 

f  MON  AH|  (  fl^  -  Sort!  nkKk  conia»n  no  vnualty  rtnac  i»Ma  fo*#rpn  mattai  but  nkKk  •••  tutpocl  aritk  'atpact  to  orrpm 
l  f  NSf  S  -  0  to  1/7  inch  lay#»  O*  minor  toil  componpnt 
l  A  Yf  MS  -  1/7  to  17  *ncb  Hyttl  of  mmor  toil  component 

fUCKlI  Drat nnt.n%M»ut  pot k at  Of  minor  toil  component 

Cl*1  VN  SMjJPff  L*pM  or  dark  to  uhJk  at#  lulmantia'  d.Ha«a»Hai  »n  co»o* 

MOISTUMI  CONQITIQNS  -  Wat.  mortt  or  dry  to  indtata  vatu*  app#ar#nc*  o»  *>•<  *m*n 


Minor 


•  AND  SM  It  ..*«ea 
SC  SP  S*  '  Mpdnam 


II  DIMNITION  Of  COMPONINT  PHQPI  HTlCS 


Component 


Prot»o<t»ona  of  Soli 
Cumportanii 


Apprunnala  Parc  an1*j« 
by  VSa-ght 


No 

No 

No 


10  to  No  4 
40  to  No  10 
700  to  No  40 


III  Oi  OSSANY  OI  MlSCr  l  l  ANI  OUS  II  HMS 


IDENTIFICATION  OF  SOIL 


•  M  C44* 

•  .I*  1*^ 


SCHNAULL  LNCINL  L  RING  ALl.OCIATLS 
Consulting  Geotechnical  Engineer* 


'.LfMAbt  L  I  m.  U  I  K  .*»U  I  L.tlli  I  DOMING  LOG 

CONiUlllhb  f  NCl*>»  I  ns  j 


DURING  NO  ,  | 


f":  "i!  ?M||7  CWir.  tAS.  <  !!.'  sTurir.m  nn^nr,  .  '  m>  1  °*  X. 

f  L 1 » VI  riw.icr  l  irl  J  i  ion  Nrt.  *  is 

.  »  V  W  I _ •»  ■■Ml _ .  ; _  Hl.lll"'. 

naiia  inn  iiai a  nan.  .  •  «  <  »  r-  •  i  •*  17 

lull  i  IM)  bi  iih  caved  nn  s.s.  i»t  s  oiu.jj 

.  -  _4*2 _ _ M A.  ~  2"  O.P.  PAH  I  ■ 

•  .  •  ,•  ?a*  »'  •>  . _ _ _ Kn#_  “ 

nilmSc-  ...I,*,  J,I1IW  >«»•  »“  i^rtno*:  ».  maminci 


II.  .Hi  m*:  k.  MAMi|I.;i'. 


IDENTIF  ICAT  ION 

1“  CRAVtL 


REMARKS 


FINS  TO  COARSE  SAND.  HU.,  SO  ML  CLAYEY  IKkANKMlXT  Sh  ILL 
SILT,  HEIST-BROWN  (SM) 


Axlir  fVriitri  24-r\ 
Hr.  I.vrr  )f»7A“ 


LINE  TO  MEDIUM  SANDY  SILTY  CLAY.  FILL,  Tube  Fmord  24" 

with  mat  h  i  tm  mm  kr..>vrry-2*" 

TO  MOWN  (CL) 


Jo-soi«  fine  to  coarse  sand  with  organic  fitter 

S  do -El  (XT  MOWN 

r/  tub. 


s  Ido-LIOIT  MOWN 


F I NE  SANDY  CLAY  FILL,  HOIST-REDDISH 
BROWN  (CM) 


Tub*  Ffr*»*d  .’4* 
Rrtowrf y-24" 

EMBANKMENT  CORE 


-  J)IS  I'«II.CMTf.D  •tTd?AY 

BORINC  TCRI3NATED  R  48.9  FT 


Ul'RAMl  I  Nl  ill  *  Ml.  /  t  .  A  1 1  V 

tomui  i inc  M-umtM 


1 1.  *j  I  llOHING  t  OG 


r Ml  I  f  NO,  |  OP  I 

m  ii  uo.  i  v/f'AJ  _ 

I  I  I  VII  l"N:  1"  '  • 

<  *•  me  ".i/r •  j1," 

MMI  MA  *t  •?/••/ 1* 

MAI  I  riNI'.HIjl: //«/{•. 
i  nn  1 1  >■  y  .  .  - 

INM'ECU'RlR.  I1AH.  INI.’M  N 
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/ 


AMOTMLR  AMALYSIS  DM  THIS  SLOPE?  1 


min  r ii  mope  <1  fixed  circle*  2=vapiafle  circle2j 
::i  mii.xt  -  nmm.xc-incp?  250*£50»0 
Vl  lllfl.YC  Nil'  .  YC-IIO  R7  1 30*  1  30*  0 
Mill  mil. l  ull  in ix» Full- INC  R?  65»80»5 

tr  mi  l  i '  III  I  III  HUH  i  11APS  Tf]  FE  ADDED*  CHANGED  DR  DELETED?  0 

i  hk  m*um  i  «. i)« »  f  ic  ir.ni 7  o 


- FA1LUFE  CIRCLE - 


-FDPCES- 


XC 

YC 

RADIUS 

COHESION 

FRICTION 

DPIVINC* 

250. 00 

1  3  H.  00 

65.  00 

0.  00 

7423. 19 

•  4963.22 

;  5  o .  o  o 

1 30.  i'0 

70.  00 

0.  00 

25565. 6? 

13977.54 

;m».  oo 

1 30.  on 

75.  00 

0.  00 

ac.nS'O.  49 

29142.40 

25  u.  00 

13". 00 

80.  00 

0.  00 

72860.44 

43677 . 55 

Ml  Ml MUM  : m  t  TY 

FACTOR  - 

1 .  -1 9564  09 1 9E  ♦  0  0 

f  OR 

CLMll  R  «  t 

£50.  00. 

130.00)  AMD 

RADIUS  » 

65.  00 

FRCTDR  OF 
-  SAFETY 
1.4956 
1.6001 
1 . 6824 
1.6681 


•amPTN'R  ANALYSIS  ON  THIS  SLOPE?  1 

f 


F  FOIL  EH  MOPE  ‘INFIXED  C1CCLE*  i*l'AFlAILE  CIRCLE'7  2 
*;c  -Ml  M. :  -M*'|  •  MC  -  1  H'"  F'  •  240*240*0 
vc  mim.-.C-mAX* VC- i net  •  130*  130*0 
MID  HIM. FhD  N  t  .FAP- INrF  :*  60*75*5 

pupil F  Hi  ill!  mm  t.OAP  TO  LE  ADDED*  CHANGED  OF  DELETED? 
I  hRIHiHImI  F  C  111  I  I  1L  I  LHT  7  0 


- FR11UPE  CIRCLE - 


xc 

24 o. 00 
1*4  0.  00 
24  n.  nd 
24  0.  00 


VC 

130.  00 
1 30.  00 
130. 00 
1  30.  00 


radius 
6".  00 
65.  00 
70.00 
75.  00 


COHESION 
0.  00 
0.  00 
0.00 
0.  00 


-FORCES— 
fpict inn 
3.  27.37 
17731 . 49 
3*296.2? 
63679. 03 


MINIMUM  ilk  k  TV  FmCTOF  «=  1 . 4  7964  2  u*:.  3E*  00 


f  DR  CENTER 


240.00*  130.  00>  AMD  RADIUS 


DP  I VI  MG 
2181.52 
1 1600. 05 
24787. lb 
39621 . 1 1 

60.  00 


FACTOR  OF 
SAFI  TY 
1.4796 
1 . 5329 
1 . 5853 
1 . 6072 


minim  r  anal v: is  oh  this  sldfe7  i 


I  Mill  I  n  mil'F  -I  k  IIP  CIRCLE*  2=*VARI  AELE  CIRCLE>7  2 
X  X'  Mill* Ml  -M«  *>l  -IMi.R7  .  .'0*  23".  1  0 
Y(  H1H.YC  Mh  *Yi  -im  R‘»  1  30*  130*0 
RHP  Mill*  RAP-HA' !«  RAP- 1 MCR  *  55*70*5 

M> H II  I  P  IIF  i  PI  HUH  I  PhD  Tn  FE  ADDED*  CHAMGED  OR  DELETED? 
EAR  IIIOUmKE  CUl  FE IC1EMT?  0  .  . 


- F All  MM  CIRCIL - 


-FtTFLES - 


FACTPR  OF 


XC  VC 

F API  US 

COHESION 

FRICTION 

DRIVING  ••* 

SAFETY 

220.00  130.00 

55.  00 

0.  00 

*  -  .  ■.  78 

441 1 . 34 

1.5".  r 

22*0.00  130.00 

60.  00 

0.  00 

22493. 99 

14 H59.56  •• 

1.6000 

.20.00  130.  I.lrt 

65.  uO 

*  0. 00 

•J  .  I .  .23 

25 ii  <9. 21 

1 . 7  1*2 

27*0.00  130.00 

70.  00 

0.00 

68118.60 

36961.99 - 

1.8429 

t  230.00  130.00 

55.  00 

0.  00 

501.77 

34 3. 37 

1.4613 

230.00  130.00 

60.  00 

0.  00 

11844.11 

7666.5*3  — 

1.31  • 

230.00  130.00 

,  5, 00 

0.00 

30471 . 14 

19352. 09 

1.5746 

.  10. 00  130.00 

7".  00 

•  0.  00 

54709.69 

32733.75 

•  1.6714 

MINIMUM  M  l  TY 

FACTOR  » 

1 . 461 £8821 SE* 00 

FDR  CENTER  -  < 

230.  00* 

130.00)  AND 

RADIUS  - 

55.  OC 

AHOT MLR. ANALYSIS  ON 

THIS  SLOPE7  1 

•  t. 

•  . 

1-Mill  I  M  llllhl  <1  I  |V|  ||  C  |MTLC»  2«V»’iPI8fLE  CIPCLE>?  2 
>C  Mlf'.Vi '-MmV.XC-IHi p~  60.110.5 

Vi  -n*  •»  vc- Mux.  vc-imi  r?  ro.ro.  o 

»  .  1“ rt ! M . Rftli- MHX • ftAD>I  MC*?  50.60.2  .  . -Vt’-v-*- 

i*v-7-.»  .  uDr*!*!  ••Z-  IZ  nLL'EI*.  I_nm toe.  J_-  Lif.  1‘tLt  iclii  U- 


-»  •  .  -  •  * 


I  %v  il*  v-  *-  Ut1-"  ?*  *  v.  uru*  -  •  *«J 

fi  hi- Hi-aiMi  r.  cnf  fficiemt?  o 
& 

inn  in  i  cipctr.-- — 


xc 

YC 

P MO  IMS 

in.  mi 

•  70.  00 

50. uO  • 

Hu.  Ml 

70.00 

52.  00 

I  (1.  00 

70.  uCl 

5-1.00 

10.  00 

•  70. 00 

56.  00 

80.  oO 

'  70. 00 

58. 00  . ' 

00.  00 

70.  00 

60.  00 

65.  00 

70.  00 

50.00 

65.  00 

70.  00 

52.  00 

65.  00 

70.  00 

5-1. 00 

f-5.  00 

?0.  00 

56.  00 

i  5.  00 

70.  00 

5*9.  00 

05.  00 

70.  00 

60.  00 

*•0.  00 

70.  00 

50.  00 

f*0.  00 

70.  00 

52.  00 

mo.  00 

70.  00 

54.  1  • 

90.  00 

70.  00 

56.  00 

90.  00 

•  70.  i'n 

58.  00 

90.  00 

70.  00 

60.  00 

95*.  00 

?u.  00 

50.  00 

95.  00 

70.  00 

52.  00 

95.  00 

70.  00 

54.  00 

-  95. 00 

70.  00 

56.  OO 

oO 

70.  00 

59.  00 

’**..  on 

70.  Oh 

6m.  00 

1  Ml.  oO 

?»».  00 

50.  00 

|  mi,  mu 

I'M.  OH 

52.  00 

1  tii>.  tm 

70.  Oh 

54 . 00 

1  Oil.  i*0 

..  70. 00 

56.  00 

j  i  ■  .  '  ■ 

7li.  OH 

i".' 

|  in  - .  Hi' 

-  ro. oo 

c".  Oo 

1 u5. "0 

.  >• .  00 

50.  00 

•  <  5.  Of* 

70.  00 

52.  MO 

1 uV. 00 

70.  hO 

54. 00  . 

1 05. 00 

70.  00 

56.  00 

1  o*>.  00 

70.  00 

58.  00 

1 05. 00 

70.  00 

60.  00 

1  1  <«.  00 

70.  OO 

50.  00 

•  1  M.  Mi 

70.  00 

52.  00 

1  1  0. 00 

70.  00 

54.  00 

;1J0..00 

/n.  OQ 

“  5-Y  qo  r_ 

110.  00 

Y  70. oo 

5$. 00. 

1  l  0.  00 

70.  00 

60.00  * 

MIill III  in  :»'if  CTV  FM-.TOF 


Mu--  crimp 


1 05. 00. 


.MOlllfP  FlMftLYS  1 S  DM  THIS  SLOPE?  0 
POCFTS  IMG  397  UH ITS 


% 

t  •  • 

.  m  t  * 

•  • 

• 

_r  nor  r  *■* 

con  ml*  nn 

COMES  1 DM 

r  IIK  1  .6 

FP  1(  T  10M 

DM  V  IMG 

r  ML  1  UK  Ilf 

Sill  F  IV 

77936. 45 

£5466.  85 

£5706.97 

4 . 0824- 

63291 .69 

21  963.  2 

;  622.43 

3.9216 

<  .  598. 17 

32683 . 04 

31641.68 

•  3.8329 

93690. 35 

3c*597.  60 

2* 4  1  4 8  . 

3. 7559 

99162.41 

40742. 14 

37932.51 

■  •  3.6682  . 

1 0441 7.50 

45096. 74 

4 1223. 48 

~  -  3. 6269 

746 18. 38 

23134.00 

26058. 04 

•  •  3.7513  .. 

79960.53 

£t  467.  61 

29255.20 

•  ■ .  3. 6366  . • 

6531 1 .27 

30014.22 

33  51 7.90 

3.5465 

90616. 07 

33796. 17 

35679.60 

•  3.4675 

95899.81 

37794. 30 

39340. 01 

3.3934 

1 01 164. 09 

4 1 995. 01 

42877. 70 

3. 3360  • 

701 35. 02 

20  •!•".  71 

. ‘  62.99 

7.5199  • 

76*  •  70. 42 

241 1 0.67 

233-4.72 

3.4356 

82016.91 

£7464.92 

■  5.87 

3.3303 

87335. 36 

31 065. 20 

36524.68 

3.2432 

92630.42 

34912.96 

4  0235. 7 4 

3.1699  • 

97905.80 

35*63.66 

44046. 05 

3.  1074 

68817.48 

16659.38 

£4993.91 

3.5079 

•  12 

2 1 f  6.55 

.  71  ".  04 

3.3050 

77627. 26 

85077. 60 

: .  -  42. 04 

3.1464 

8404 1 . 31 

; . 

36556. 78 

3. 0795 

69’  lc*.  76 

32174.59 

4  "562.  O4* 

2.  9' *60  —] 

94 1  6.  85 

36038.  -14 

4  i*.  50. 59 

•  2.9i’v6— \ 

t»i 

16792.60 

23.  '*6.99 

3.5666 

7 1 9m7 . m4 

1  .  .  Ml 

27500. t 1 

3.3363 

7,  05 

•  c  .  .  .  1  •! 

31*.  75.1*2 

”  3.1302 

80719. 92 

2«>  1 L  4 .  f  2 

35922.51 

2.9743 — 

651  »»o.  69 

295:5.65 

*•  m£  90. 7 1 

c . &507 — 

91  i  5 1.37 

3  . 

w  44* i : . 4£ 

£  .  7  s'  ‘ 

64:  <  0*  7  3 

1 4  :  1  c .  7« 

2  1*.  i  :  . $6 

8.1  4^5 

t  :,4 .  2 . 86 

1 7595. 07 

.  2571 l.t 7 

3. 37  44 

74461 .39 

20583.69 

£99. 6. 95 

3.1 ?0£  • 

r?4  •  *o  •  o 

c.:<  t*r • 

34502.68 

2.9904— • 

63807. 59 

27142. 09 

;  or 

2.6350 - 

o:  190.84 

3  ('6 93.  16 

1.60 

•  2.7121  _ Y 

.1  70.  i 

l .  •-»  1.90 

2" i 48. 31 

3.6884  i\ 

t  *  578 . 82 

15577.45 

24M  6.94 

3.4136  •  ; 

7170f  .  16 

18412.91 

28238.57 

3.1914  » 

76776. 90 

21449. 00 

32662 . 92 

3.0073  * 

.  2.6526  - - - 

61 796: 37 

2 469^.16 

•  37390.51 

66775. 56 

26128.45 

42239. 15 

’  2.7203  — 8-J 

'161  04405E4-00 

#  » 

f'O.OO)  FiMD 

Mil' lllS  - 

60.  00 

r  0 

* 

■ 

r ' 

IFF  mT  If?:  06 

pnrPcctNi-, 


MNITf 


t;piifn  nm-r  « i  i :  r  i*  ciklc*  i«sW’ih!LE  cipcle**  2 

•*c-nr*.:  c-m*v.::c -im:? *  90.1  ?<>•?• 

sc  -him.  . •  -Mm  :•  vc  —  in*:  y '  iio*  1 1  o»  o 

PAD-MI  IN  PhI'  I1M".  FAD- I NCR”  80«90*5 

MUHIER  Dr  CUI.UMM  LOADS  TO  €*E  ADDED*  CHANGED  DP  DELETED?  0 
EARTHOUAlE  COEFFICIENT*?  0 


FOIl  UFT  CIPCLE - 

—force: - 

FACTUP  U 

xc 

YC 

PAM  US 

come:  him 

F  P 1 C  T 1  OH 

DRIVING 

SAFET i 

90.  fiO 

1  1  0.  00 

$0.  00 

00990. 99 

14496. 62 

16535. ?2 

4 . 666 

9".  00 

11  o. 00 

85.  oo 

01 100.40 

c\  .  ■  3 . 85 

£5f  r.O .  Or> 

4 . 04 : 

90.  00 

1  1  o.  00 

90.  00 

96994.  19 

3?6»  1 . 3 P 

36131.51 

3.61> 

95.  oo 

1  1  0.  00 

oo.  00 

01 067. P5 

12466.25 

15488.94 

4.  P4. 

95.  oo 

1  1  0.  OO 

95 .  0  0 

P  Pc’ 05.  14 

£  0  P  4  4 .  1  0 

£5331.66 

3.853 

0  0 

1  1  0.  00 

90.  00 

931 68. *5 

3054 1 .  P5 

36279. 93 

3.413 

100. 00 

1  1  0.  00 

eo.  oo 

59045. 1 1 

1  04  04.83 

13974.22 

4.964 

1  oo.  oo 

1  1  0.  00 

05.  00 

P2439. 09 

18123.38 

£4406.20 

3.  PH' 

1  00.  00 

1  1  0.  00 

90.  00 

89330.21 

2P529. 38 

35853.  86 

3.259 

105.  oo 

1  1  0.  oo 

00.  00 

569 OP. £5 

8323. 02 

1 1 824 . 52 

5.516 

1  05.  00 

1  1  0.  00 

85.  00 

•  70S74« 91 

1  J  I  8^*  •  O  1 

228P8.56 

3  •  P  P  4 

i  or.,  oo 

1  1  0.  00 

90.  00 

65P50.75 

24685.37 

34  v 1 .50 

3. 161 

1  1  0.  00 

1  1  0.  oo 

00.  00 

5c  4  85.  02 

6330. 74 

94  13.  03 

6 .  c  .•  3 

1  1  o.  oo 

1  1  0.  0(1 

05.  00 

60630. P3 

13426.34 

20P50.  56 

3. 954 t 

110.00 

1  1  o.  oo 

90.  00 

8 16c 6. 13 

21652. 39 

33420.36 

3.  C  36 

II'..  I". 

•  n  0.  II 0 

00.  00 

46993. P3 

4621 . 55 

•  7353.31 

7.015 

;  «*•.  oo 

1  1  0.  oo 

05.  00 

657? 1.37 

-  11  OP?. 67 

18020.  12 

•  •  4  •  »•'(  '*i 

•  nr..  00 

110.  00 

90.  00 

.  •  7 96 11.58 

19216.51  - 

31270.68 

—  3.  l  -  •  ' 

l  L :  o .  o  o 

1  1  0.  00 

eo.  oo 

40844.63 

••  3239.  P9 

5697.30 

f  7.P3P' 

If  0. 00 

1  1  0.  00 

05.  00 

61214.66 

891 1 .6P 

15373. oP 

4.561' 

IPO.  00 

1  1  0.  oo 

90.  00 

7P928.96 

16566. 30 

£•;  427.  16 

•  3.324 

IS  5.  AO 

110.  MO 

00.  oo 

34 P6P. 05 

2213.93 

4488. 48 

•  •  8.239 

1  25.  00 

no.  oo 

05.  00 

56315. 89 

7022. 00 

13029.81 

4.861 

ies.  oo 

1  1  0.  00 

90.  00 

1 14834. 02 

1695P. 05 

25300.24 

.  5.209 

1  PC.  oo 

1  1  0.  00 

00.  00 

-  <u  61 .50 

1354.31 

31  n0.  60 

•  10.034- 

1  'in.  no 

1  1  o. 00 

05.  00 

509P1. 13  * 

5420.90 

1 1 017.99 

•  5.110. 

1  :ni.  00 

1  1  0.  oo 

‘•0.  oo 

1 14499. P9 

14335.34 

22249.93 

5.709* 

HI  HI  H"i  l  nil  IV 

f  1 II.  1  IIP  ■ 

3.  0962/22 06E-* 00 

.  FUR 

CENTER  =  < 

1 1 0. 00. 

110.00)  AND 

RADIUS  - 

90.00  - 

. 

ANOTHER  ANALYSIS  ON  THIS  SLOPE?  1  * 

f  •  ‘  t 


-  PWb 


I  ‘Kill  t  I  M  HUM  ‘I  CIRCLE*  2-VRP1RPLE  CIPCLL)?  2 

xc-him.}:c-hm::o:c-im':p7  100*  125*5 

vc-miu.  vc-nu  .  n;-iN'  P"  115«115»0 
Mil'  iiih.pmI* - r j»i: •  •  f- m»~  1  n*: 80*95*5 

HUMtlP  III  C  (III  M  111  LOhI'  :  TO  FE  ftDI'EI'*  CHANGED  OP  DELETED?  0 
Fill  'IHi'HiiKF  C  HI  I  F  1C1EMT“  0 


rfPUrn  nni'F  '1"M  CP  CIRCLE*  I ftl'LE  CIRCLE)?  2 

*.:f  mtio  c ^  105*115*5 
Yf  - II  j  U«  Vf  - Hm!  : *  VC -1HCR'  120*  11-20*  0 
full  IIIIUM)!'  Mm  :.Ff«P-ltKF7  '35*  ION* 5 

Ill tt | }  |  f-  DF  COLUMN  LtlMl*!  1(1  FE  ADDED*  CHANGED  UP  PFLETEP? 
ENR1M"UmKE  U)!M  IC11MT?  0 


• 

; 

- FAILURE  C1PCLE - 

.  r*  nr  vr  •  <  •  •  phpim: 

COME  !'  I  OH 

-EtiF'-rr — 
FRICTION 

pp  I  virus 

F  AC  1  UP  lir 
SAFETY 

j  05J  r» 

1  1  <  0.  NO 

r  mro: 

1  n,-9706. 94 

11.8805 

i 

JO*..  On 

1. 00 

'  M>.  00 

5924  (r.  29 

9545.63 

1 3262. 55 

5.2742 

• 

1  O'-.  OO 

1  eo.  00 

95.00 

?  ?«?:«.  •»  3 

17441 .69 

2447 1 . 95 

3.72  * J 

< 

1  05.  00 

120.  00 

1 00. 00 

9064  7 .  63 

26985.92 

36765. 19 

3.  1978 

• 

1 1 0. no 

1 20.  00 

05.  00 

9? 166. 00 

1690.21 

2155.40 

16.  17.  5 

1  1  0.  00 

irn. 00 

90.  00 

57124.14 

7 4  06 .77 

1  Or  67.49 

5.9444 

.  11  A. on 

120.  00 

95.  00 

71815.42 

15022. 17 

22597. 42 

3.8429 

1  1  0.  NO 

120. 00 

1 00. 00 

95172.14 

23905.23 

35466. 01 

3.  0736 

115. 00 

120.  00 

:  00 

£2624.50 

871.86 

1288.  1  0 

18.8411 

1 15. 00 

120. 00 

90.  00 

51556.51 

5446. 48 

8424.99 

6.  7659 

i 

1 15. NO 

120.  00 

05.  no 

69702. 67 

12589.74 

20138.01 

4. 0S64 

115. NO 

120.  NO 

100. 00 

23290.  32 

21210.97 

32610.95 

3.1091 

mmJ 

-  • 

v  cur  me-  a 

9.073813390E* 

00 

• 

• 

1  Mil  Ml  1  1 

lpn  r  — x 

- fdpcft: - 

fact dp  nr 

X( 

VC 

Pnl'lM? 

cum  him 

HU  1  HIM 

l»P  1 V  1 1 16 

—  Sul  M  Y 

100. 00 

115. 00 

80.  00 

45261.27 

4329. 74 

5234. 30 

9.4742 

1  NO. ON 

1 15. 00 

65.  00 

6  >'586.  34 

1 1 046.51 

14561.31 

4.9153 

1  on.  ftp 

•  115.00 

90.  00 

74131.11 

1699ft. cl 

25138.49 

3.7043 

1 00. 00 

1  15. NO 

95.  00 

92006.70 

28793.53 

36733.29 

3.2886 

105.00 

1 15. 00 

90. 00  - 

3881 0.62 

•  2715.87 

3329.84 

12.4710 

J  05. NO 

1 15. 00 

05.  00 

•  -  58347.07 

894  1. 12 

12585. 05 

•  5.3467 

1 85. 00 

1 15. 00 

•  • 

90.  00 

*  72230.00  • 

16628.60 

23720.84 

3.7 460 

1 05. 00 

•  115.00 

•t 

95.  00  ♦* 

->-»•  680 >1.42  • 

25820. 35 

35902.26 

•«  3.1 728 

1 1 N. 00 

115. 00 

80.00  • 

- 30972.03 

1505.77 

1952.44 

16.5832 

1  1  0.  Oft 

1 15. 00 

85.00  • 

*  54791.19 

6665. 99 

10160.47 

6. 0913 

110. 00 

1 15. 00 

90.  00 

70248. 04 

14235.62 

21724. 14 

1 1  0.  00 

1 15. 00 

95.  00 

8?4c  5.61 

22890. 1 7 

34502.88 

•  3.0614 

115. 00 

1 15. 00 

60.  00 

21747.29 

799.55 

1 224 . u9 

-•  18.2701 

1 15. 00 

1 15. 00 

85.  00 

49261.25 

5023*  •’ 

7872.44 

-  6.8981 

1 15. 00 

1 15. 00 

90.  00 

69171.96 

11828. 19 

19104.93 

-  •  4. 1674 

115. 00 

1 15. 00 

95.  00 

61576. 74 

20221.23 

32494.97 

3.1327 

170.  00 

1 15. 00 

60.  00 

16154.63 

324.60 

632. 65 

£6. 0464 

120.  00 

1 15. 00 

85.  00 

43075.27 

3519.80 

6030.13 

7.7270 

120. on 

1 15. 00 

90.  00 

63655.24 

9542.57 

16258.40 

•  4.5022 

170. ON 

1 15. 00 

95.  00 

79659. 00 

17536.55 

£9629.47 

3.2584 

175. ON 

1 15. 00 

60.  ON 

5439.34 

5.86 

14.68 

175.  Nti 

1 16. 00 

85.  00 

35897.72 

2999. 94 

4666. 05 

8.2059 

176. Nft 

1 16. NO 

90.  00 

58680. 13 

7522.64 

1371 1.40 

4 . 8283 

176. ft" 

116. UO 

95.  00 

119098.  14 

17901.83 

26562.58 

5. 1573 

M  ItM  Ml  HI  1  HI  l 

1Y 

1  m  1  UK  «* 

3.  06i;:59453E4  00 

HIP 

CEIULR  ■ 

< 

1 1 0. 00. 

115. 00>  HMD 

PHI' I  US  - 

95.  00 

fiurmirp 

ANALYSIS 

DM 

THU  SLOPE?  1 

—  # 

1  '.v~ 

-•  *1 - -  _ 

*  •  •  • 

i  t  mu  i  n  11111*1  *i  u:'ii*  fimi'.  rj  vr*PinPLE  cipcle>7  2 
/•>nm.xr  iia  •  *  -net'  105*115*5 
VI  lllll.  VC  IUi  *••  1  M*  P  •  I  25»  I  cT  C«  •  0 

hull  Iiiii.hi;'  I'M  <Hit>  111'  '.K?  90*1  mV* •  5 

numip  ui  UK.UMH  ujnn>  iu  pe  added*  changed  dp  deleted?  o 

'  EflPTMOUiiKE  C  IIC.FF  IC 1EMT?  0  •• 


- rmt  aft  circle - 


— FDPCC? 


FACT  UP  OF 


xe 

YC 

•  RADIUS 

COHESION 

-  F PIC  HUM 

DRIVING 

-  SAFETY 

1  05.  1*0  - 

125. 00 

90.  00  . 

43259.25 

*  3362. 8? 

4116.73 

•  •  11.3194 

1  »**  • .  DO  • 

125. 00 

-  95. 00 

61 090. EG 

10133.50 

13969.13 

5. 1355 

l  iv..  no  • 

125. 00 

1 nn. 00  -  • 

75  1  ".26 

18235. 39 

£5151.53 

3.7224 

1  n*..  00  * 

1.9.  00 

1 1'*.,  oo-  v  * 

931-14.37 

£0136.  14 

-  37579.92 

•>  .  3.2273 

1 1  n.  oo 

125. 00 

90.  00 

35445.81 

*  1901.29 

2393.87 

15.5666 

1  1  0.  0(1 

125. 00 

95.  00 

5S694.50 

7969. 15 

•  11591.65 

5.7510 

1 1 0. 00 

125. 00 

100. 00 

73336. 7? 

15792.67 

£3387.30 

3.8110 

1 1  0.  on 

125. 00 

105. 00 

294  05.26  • 

£5157.62 

36376. 00 

3.1494 

115. oo 

125. 00 

90.00  - 

24249.63 

946.40 

1342. £9 

18.7709 

115. 00 

125. 00 

95.00  ••• 

53924.66 

*  5S93.05 

9015.18 

. 6 . 6247 

115. 00 

125. 00 

100.  00 

71 129.11 

-*  13332.67 

£1056.76 

4.01 40 

115. Ou 

125. 00 

105. 00 

24-r*56.  1  0 

22175.22 

3i-si5. 30 

-  - ■ 3. u?4r 

x  MINIMUM  SAFETY  FACTDP  = 
1  UR  CFNTEP  -  C  115. 00. 


3. 094912072E+00 
1  £5.  00>  FiMD  RADIUS  =  •  105.00 


iiUUlHLP  ANALYSIS  UN  THIS  SLOPE?  0 

‘  i 

PROCESS IMG  322  UNITS 


DIF  •  ...  j 

OFF  AT  13:  15  "  •  •"  / .  . 

X  PROCESSING...  322  UNITS  f*  *  v-v.,  .  . 
-MIN...-  21  PRIME  *  0  DFF-HR 


i  t]‘«p  ••  i  or  r'  tm 

»  ' 

iMtiM  12 

^  U  DnlFi  1.0.50.53.50.125.14.750 
, ■  o  lut | it  2 * 5 3 •  1)0 •  0 3 •  4  1  •  1 1  "* •  1  •' •  •  5  0 
30  Intlfi  3»0?»41.97»40.125»14. 750 
4 (•  lutlH  4, 97. 40. 149.24. -125.  14. 750 
50  I'm T m  5. 149.24.200,27.-125. 19. 1500 
Ml  Dm  in  6.0.41.43.41.125.19.1500 
70  Du  1m  7. 42. 41. 49. 39.  125*  19.  1500 
90  IimIm  8.49.39«97«40t-125>  14.750 
vo  I'mTm  0* 20* 21  * 21  * -1 25»  1 4 » 750 
100  IiMlft  10.21.21.49.39.-125.  14.750 
110  Dm  1  m  1 1 . 49*  39*56.23. -125*  1 4. 750 
»70  Iirtlft  12.56*23.  149.24.-125.  14*  750 
RUM 


'S'o’D.oe/v  d  *?-• J  y-  ■■■ 

t 


SLUPESTR  17:45  02/27/78  MDNURY 


r-HlM  m  MUDE  <1- FIXED  C1PCLE.  2=VmR18PLE 

XC-NIN.XC-NAX.XC-IHCR?  80.110.5  •  •* 

Yl  HIM.  VC*  MtlX.YC-lHCR?  70.70.  0  •••* 

Mto  imi.Mtu  mmx.rud-imcr?  35.50.5 
1 H mi  1  r  nr  1  nt  uhm  t  unns?  0 
. . hi  cnErncifcHT?  0 

mK.tnl1  l  IllE  1620:  END  OF  OrtTH 

PROCESS' II1G  3  UMTS  • 

*  IS  162 on 

lllVhl  ID  U1TH  RUN  CJNLY  PR0GR8M 

*  •  :  * 

DREflK 


CIRCLE)?  2 


.  ,*  ■  \ 


•  ■  ,  .1 


a  .  \  > 


•v-.v '  • 


V 


1  ti. in  ♦♦si  nrrsTG 

r  •  muy  •'  • 

* 

5  rmin  12 

10  Hu  in  1.0.50.53.50.125.14,750 
20  Mtin  2.53,50.83.41.125.14.750 
30  Dt'i If#  2.83,41 .97-40.  125.  14.750 
j  1'nTft  4,97.40.  149,24.-125.  14.750  • 

r-  *  ♦.'  *  »  r  *  *  ^  ♦.  .  ^  ^  ^  1  r  AT 

i  .•••  »i»  •  n  .•  •  •  JC.n  a  -•  •  i  v'OV 

60  Dr  1 1  ft  6.  0.41. 4C.  41. 125,  19.  1500 
70  D.tlH  7.48.41 .49.39*  125*  19.  1500 
60  DmIm  8.49.39.97.40.-125.14.750 
90  In  tin  9.0.20.21.21.-125. 14.750 
.  r «•  Dt  1 1  tl  1  '.t*21  *21  *  4  J4 ,  39 .  —  1 25 »  14,750 
I  1 1'  Ini  1 1)  11.49,39*  56 *  23*  “125, 1  4 •  750 
170  DiiTM  1 2. 56*  23*  1 49. 24. -1 25*  1  4 . 750 
'RUM 


.  /  ...  t  . 

..  :  v  ’  •  V 


t3» 

*TZ>  JS-ottsM  of 

•t 

C  y }s»'(rT' c'  S  yO  JV77'") 

3  <n.,^/~ihrr  ci -pi' 


(A/cfvTir  s 

iJvTb  /A/  s. 


si  nr estg 


17:53  02x27/78  MONDAY 


105 


^  fiii  lO  . 

I  ft  1  .  0.50.53*50*  125*  1*1.750 
*11  jimIH  ?»**?•  •“‘•O?*  41  •  125*  14.  750 
\0  3.83*  l|  *97* -to*  12?*  14.75(1 

1  j •  •  1 1  1 1  *j •  ‘*m  <1  Oi  I *l  * •  r*l > " lt'5>  1 4  •  •  50 
•■.It  in  •  l  f i  5.  1  49*24  •  i  On. 2.  •  -1  ..5*  1  .•»  1  --00 
,\|i  prill)  f.«  0*  »l  •  M  •!•''*•  19«  I  -,nn 
;  (I  Imlii  7.49*41  •  49»39»  left5*  19*  1500 
£.l»  l*i •  I il  8*  •!?»  39*  97*  40.  - 125*  1 4«  750 
VO  Iui  1 H  9 •  0 •  2 0 •  2 1  * 2 1  •  -  1 23 •  1  4 • .  5 0 
100  In'ilil  1  0»  £  1  •  2 1  •  49*  39*  -  1 25*  1 4  *  750 
no  phtr  1 1 .4«>.3?.56*23*“125*  14.T50 
130  lift  TP  12*56*23* 149*24.-125* 14.750 
RUM 


SLOFESTR  13:  00  02*'£9*'78  TUESPRY 


F-K'(li:LiM  MOPE  <1 -FIXED  CIPCLE.  2=VRR1RBLE  CIRCLE>?  £ 
XC-MJM.XC-MHX. NC-IMC97  85*115*5 

YC-M1M* YC-imX.YC-lMrp?  100*  100.  0  —  •  *  .  ‘  . 

RftP-MI M* FftP-MftN* PftD- IMCR?  65.90.5**  - 

MUMPER  OF  COLL'MM  LORP3?  0 
EftRTHOUftKE  COEFFICIENT?  0 


L  I  ME 

LEFT 

EMPPT 

FIGHT 

EMPPT 

WEIGHT  • 

FPCTM 

cone  rim 

MU. 

X 

Y 

•  X 

Y 

•  •• 

ANGLE 

FftCUJP 

•  1 

0.  oo 

50.  00 

53.  UO 

50.  00 

125. 00 

14. 00 

750.  00 

P 

5?.  00 

50.  00^ 

93.  00 

41 . 00 

125. 00 

14. 00 

750.  00 

3 

93.  00 

4  1.00  7- 

97.  00 

4  0.  00 

•  125.00 

14.  no 

•  750.  00 

4 

<•7.  00 

40.  O0 

14  *.  $0 

24.  00 

-125.00 

14. 00 

750.  no 

!> 

14*.  00 

24.  00 

200.  00 

27.  00 

-125. 00 

19.  00 

1500. 00 

6  * 

0.  00 

41 . 00 

48.  00 

41.00 

-•  125.00 

13.  00 

1500. 00 

7 

4ft.  00 

41 . 00 

49.  00 

39.  00 

125. 00 

19.  00 

1500. 00 

0 

43.  00 

•  39. 00 

97.  00 

4  0.  00 

-125. 00 

14.00 

750.  00 

9  . 

•  0.  00 

*  20.00  •• 

21.00 

21.00 

-125. 00 

14.00 

750.  00 

1  0 

21 . 00 

21 . 00 

49.  00 

39.  00 

-125. 00 

14.00 

750.  00 

1  1 

49.  no 

39.  00 

56.  00 

23. 00 

“125. 00 

14. 00 

750.  00 

12 

56.  00 

23.  00 

149. 00 

24.  00 

-125. 00 

14.  00 

750.  00 

- Fftll  OFF  CIRCLE - 


-r  ripccs - 


FRCTOP  OF 


:<c 

YC 

RmPIUS 

COMES  I UM 

•  T  E  I C  T  HIM 

DP  1 V I  MG 

•  SHF  2 1 Y 

85.  oo 

1  no. no 

65.00 

48261.95 

*  8192.74 

•  •  8791.93 

6.4213 

85.  no 

1 nn. nn 

7 n .  on 

64315.34 

-*■  15326.85 

16248. 01 

—4.9017 

63.  no 

ion.  on 

75. 00  *  v 

79735.53 

2374 1 . 59 

24671.69 

•  4.1942 

85.00 

1 00. 00 

90.00 

94807.39 

•  33729.03 

3  3  *34.53 

-'■*  3.7901 

90.  00 

1 00. 00 

65.  00 

46232.41 

6479. 94 

7463.51 

•  7.0627 

90.  00 

1 nn. nn 

70.  00 

59690.30 

13056.99 

15499.61 

4.6935 

90.  00 

1  on.  nn 

75.  no 

75909.  45 

21155.50 

24524.90 

•  3.9578 

90.  00 

l  nn.  no 

•  00.00  •  * 

91  195.89 

30693.58 

*•  34393.06 

3.5445 

95.  00 

1  no.  00 

05*  00 

43796.86 

-  474  0.92 

*  •  5616.68 

■ .  8.6417 

35.  (in 

l  00. on 

70.  00  • 

57850. 30 

1  1  080.69 

1424*1.35 

••*  4.8392 

35.  on 

1  00.  no 

•  •  75. 00 

70593.29 

18556. 12 

23877. 34 

3.7336 

95.  on 

1  no.  no 

*•  80.00 

87479. 19 

*  27749. 79 

34357.52 

.  3.3538 

1  no.  nn 

l  nn.  on 

65.  00 

38414.47* 

•  31 77. 18 

*  3784.35 

-  •  10.9904 

1  on.  nn 

1 00. 00 

70.  00 

55916.23 

9077.93 

12429.33 

-  5.2291 

1 00.  on 

1  00.  no 

75.  00 

68875.53 

16322.13 

22690. 03 

3.7549 

l nn. 00 

1 00.  00 

90.  00 

83756.29 

24959.57 

33808. 52 

•  3.2156 

l IS. on 

1  nn.  no 

65.  00 

32102.89 

1939.70 

2397.51 

14.1991  . 

1  ns. no 

1  no.  no 

■  70.00 

52436.64 

71 04.83 

1 0150.64 

.  5.m5  7 

» 


I 


1  •  ».  iiii 

l no. no 

1  I'll.  I'M 

1  ft  ft.  ftft 

’  O'*. 

0V».  00 

L'l  •  •  «■  •  •  -r  ■■■■ 

•  38414.47- 

h*l  «  *  *  •  • 

•  3177.10 

*  3/04 . 39 

'  10.9304 

1 

1 00. 00 

1  ftft.  ftft 

70.00 

55916.23 

9077.93 

124.  9.33 

•  »  *  .'V  1 

• 

i on. on 

1  ftft.  ftft 

75.  00 

<  r :*75.  53 

16323. 13 

22690. 03 

3.7549 

i 

1  On. 00 

1  ftft.  lift 

00.  00 

83756.69 

24959.57 

33308.92 

3.8156 

1 

• 

1 05. Oft 

1  Oft.  lift 

65.  ftft 

361 ft3.69 

1939. 70 

2397.51 

14. 1991 

•  f 

i 05. oo 

1  00.  Oft 

•  70.00 

56456.64 

7104.23 

10150.64 

•  5.  £*.*57 

•i 

1  05. Oft 

1  Oft.  Oft 

75.  00 

67090.55 

14052.91 

20887.95 

.  3.8847 

i 

1 05. on 

1  00.  00 

60.  ftft 

79533. 74 

22225.58 

38656.38 

3. 1161 

1  1  ft.  Oft 

1  on. oft 

65.00  •• 

£•3707.93 

1102.77 

1563.86 

■  15.916? 

•  « 

1 1  n.  oft 

1  Oft. 00 

70. 00  • 

47675.33 

5369. 03 

0185. 04 

6.5205 

•  i 

t  1  0.  Oft 

1  Oft.  Oft 

75.  00 

64771.57 

1 1771.94 

164  3  3.56 

4. 1513 

•  • 

i 

1  1  0.  00 

1 ftft. 00 

80.  00 

77850. 34 

19694.76 

30o*.-7 . 03 

•  3.1602 

.  j 
« 

1 15. 00 

1  Oft. 00 

65.  00 

19007.56 

577. 17 

1043.51 

18.7682 

.i 

115. oo 

100.  Oft 

70.  00 

43403. 1 1 

OCiAO  QO 

f  JJfi,  4<k 

•-  7.1920 

i 

1 15. 00 

1  00.  Oft 

75.  00 

60657.28 

9640.56 

15950.63 

4.4072 

i 

115. Oft 

1 00. 00 

80.  Oft 

761 08.93 

17143. 16 

28371.09 

3.2869 

i 

• 

HI  HI MUM  SAFETY  FACTOR  =  3.  1  16062653E+00 

FOP  CENTEP  “  <  105.00*  100.00)  AMD  RADIUS  *  .  AO.  00 


AHOTHEP  ANALYSIS  ON  THIS  SLOPE7  1 


t  .  :.n  ri-  CIRCLE*  i-VWIMlI  CIFCLE**-  £ 

•  1M  6r.-«G0«5 

,,m  .VC-HKF  •  135*135*0 

:. fad- iwpt  65*  80*  5 

(OlWN  LOAD!  TO  IE  ADDED*  CHANGED  OF'  DELETED?  0 
COEFFICIENT*  0 


- FAIL L'kE  CIRCLE -  - FORCE! - 

>:c  vc  radiu:  :ohe:ion  fpictioh  driving 

65.00  135.00  65.  0"  •CIRCLE  INTERSECTS  3LOcE  ONLY  DIKE 

65.00  135.00  70.0"  ♦CIFCLE  INTER  “EC  T  S  CL  OF  £  ONLY  ONCE 

65.00  135.00  '  75.00  ♦CIFCLE  INTERSECTS  SLOP  E  ONLY  ONCE 

£5.00  135.00  30.00  ♦CIRCLE  INTERSECTS  SLOT  E  ONLY  ONCE 

70.00  135.00  65.00  •CIRCLE  INTERSECT?  Z LORE  ONLY  ONCE 

70.00  135.00  70.00  ♦CIRCLE  INTERSECTS  SLOPE  ONLY  ONCE 

70.00  135.00  75.00  ♦CIRCLE  INTERSECTS  SLOPE  ONLY  ONCE 

70.  00  135.00  80.00  ♦CIRCLE  INTERSECTS  SLOFE  ONLY  ONCE 

75.00  135.00  65.00  ♦CIRCLE  INTERSECTS  SLOPE  ONLY  ONCE 

75.00  135.00  _ 70.00  ♦CIRCLE  INTERSECTS  St  Of  E  ONLY  ONCE 

75.00  135.  00“  ‘  75.00  ♦C  IRCLE  INTERSECTS  SLOPE  ONLY  ONCE 

75.00  135.00  80.00  ♦C1RCIE  INTERSECTS  SLOPE  ONLY  ONCE 

PO. 00  135.00  65.00  ♦CIRCLE  1NTEPSECTS  SLOFE  ONLY  ONCE 

CP. 00  135.00  70.00  ^CIRCLE  INTERSECTS  SLOFE  ONLY  ONCE 

80.00  .*135.00  -*75.00  ♦CIRCLE  INTERSECTS  SLOPE  ONLY  ONCE 

80.00  135.00  80. 00. ♦CIRCLE  INTERSECTS  SLOPE  ONLY  ONCE 

MlHimwi  SAFETY  FACTOR  *  8. 047387097E+00 
F  OR  C1N1ER  *>  <  65.00.  135. 00>  AND  RADIUS  -  65.00 


FACTOR  OF 
SAFETY  . 


ANOTHER  ANALYSIS  ON  TH1 


SLOFE?  1 


PR'IN'I  I  N  MUM'  M~FI>TP  CIRCLE*  E-VAR1ADLE  CIRCLE)?  2  • 

>:c- M 1 N. XC-Ml I : XC-  1 NC p?  ?£5* _ £35.7c5.  1  0 

VC-111  N.YC-tnrSYC-lNCR?  135.135.0 
PAD  mIN.RmD -NNX.RfiD  INCP?  55*80.5 

Mi  Ml  If  R  111  iCIM'NN  LOADS  TO  DE  ADDED.  CHANGED  OR  DELETED?  0 
EAR  I  H'XIAKE  C IIEI  F  1C  1  ENT?  0 


- FAILURE  CIRCLE -  - FORCES - 

XC  5*  •  YC  -•••■•  RADIUS  •  COHESION  FRICTION  DRIVING  - 
£35.00  135.00  •  55.00  ♦CIRCLE  DOES  NOT  1NTEP7ECT  SLOPE 

£35.00  135.00  60.00  ♦CIRCLE  DOES  NOT  INTERSECT  SLOPE 

£35.00  135.00  65.00  0.00  8081.10  5400.17 

£35.00  135.00  70.00  0.00  £5883.45  16782.41 

£35.  Of*  135.00  75.00  0.00  50079.13  30369.12 

£35. On  135.00  80.00  ’  -0.00  75416.31  45581.33 

MINIMUM  SAFETY  FACTUR  **  1 . 498304337E+00 
Tu“  ClJiTC?  *-  v  iSS.  Ov-  i 35.  i-0.*  wu*  »  t-5.  00 


FACTOR  OF 
-••SAFETY  - 


1.4983 
1.54 7* 
1.6171 
1.6545 


ANOTHEP  FiNAL YS IS  ON  THIS  SLOPE?  1 


PROPLEN  MOPE  < 1 =F 1 XE  P  C  1P'~LE»  2*VAP1ADLE  CIRCLE'*?  2 

XC-MIM.XC-MAX.XC-lMCR7  230  240 - *240.  10 

YC-Miri.  YC-MAX*  YC-1NCR?  120.  120.  0 
f*nl*-t  i  i  l*  *  r  AD-MAX  .FflP*  IllfK*  50 » 6 5  *  5 

Him  I ER  OF  COLUMN  l  OADS  TO  FE  ADDED*  CHANGED  OR  DELETED' 
EARTMOUAFE  C  OLFF  lCIt'MT"  0 


FACTOR  OF 
SAFETY 
1.5246 


- forces— 

COHESION  FRICTION 
0.00  9074.4  1 

0.00  25704.35 

•  0.00  47950.99 

•  0.00  70732.94 

C-DO-.*  1976.23 
0.00  1447c*.  13 

0.  00  3371  1.90 

0.00  55716.70 

1 . 477270963E+00 
120. 00>  HMD  RADIUS  - 


- FAILURE  CIRCLE - 

XC  YC  RHDIUS 

230.00  120.  00  50.00 

230.00  120.00  55.00 

230.  00  120.00  60.00 

220. 00  120. 00  65. 00  • 

24  0.  0 0  20.  0 0  5 0 .  00 

'  iM,  t ■  i'i  !.:  o.  on  *■•*■*..  oft 

240.  O'-'  .120.00  60.00 

240. 00  120. 00  65. 00 

MINIMUM  I AF E T V  FACTOR  *= 
FUR  CENTER  =  t  240.00* 


DRIVING 
5952. 15 
It*  176.  1 1 
29ul  0.  34 
42770.51 
1337.82 


1.6006 

1.6121 


AMI) Ml!  R  ANALYSIS  UN  THIS  SLOPE?  1 


f ’Mil  t  1  M  NUDE  UNFIXED  CIRCLE*  2=VAPIAILE  CIRCLE)  ?  2 
XC-M1 N . XC-NRX .XC-INCR7  22 0 * 22 0 . 0 
YC-IU N*  YC-MAX*  YC- INC  R  •  120.  120.  0 
RAD-M 1 N  •  RAP  -  MAX .  RHP  -  I NC  R  7  45.60*5 

NUNIfP  OF  COLUMN  LOmDC  TO  IE  ADDED*  CHANGED  OP  DELETED?  0 
ENR1  M'X*A*- E  COEFFICIENT'  0 


FACTOR  OF 
-SAFETY 

- 1.5053 

.  — 1.5762 
1 . 6892 
•  1.821 1 


.  - FORCES  — 

••  •  COHESION  -  FRICTION 

. .  0.  00  ~  4774.78 

-0.00  18732.11 

0.00  39245.12 

0.00  62190. 63 

1. 50531 572: Z* 00 
120.00>  AND  RADIUS  - 


. - FA II  liPE  CIRCLE - 

XC  YC  RADIUS  •• 

PPO.frt  120.  00  45.00- 

220.00  120.00  50.00  • 

22  n . 0  ft  1 2  0 . 0  0  55 . 0  0 

220.  ft"  120.00  60. 00 

MINIMUM  AFETY  FACTOR  ■ 
FOR  CLHTLR  *=  <  220.00* 


DRIVING 
—31 71 . 95 
11894.24 
22641.50 

34149. 14 


ANUTlIfR  ANALYSIS  ON  THIS  SLOPE?  1 


pRormi  mom:  <1  fixed  cipcle*  2=vapiaple  circle)?  2 

XC-MIN.XC-MMX.NC-INCR'*  200.210*  10 
YC-  Mill.  YC  -  HMX.YC-INCF  •  ICO*  120.  0 
RAD  AIM*  RAD  MMX* RaD- I  NCR;  40*60*5 

MUMPER  OF  i  111  LIMN  I  UADI  TU  IE  ADDED*  CHANGED  OP  DELETED 
EARTHQUAKE  COEFFICIENT?  0 


FORCES - - - 

FRICTION  DRIVING 
7325.31  4193.2! 

20691.45 
37124. 01 
5*6278.  65* 

74263.92 
1659.48 
12651.88 
29179.83 
49267.97 
71578.78 


FACTOR  OF 
•  •  -SAFETY 
1.7469 
2.0271 
-  -  2. 1439 
•  2.2327 


- FAILURE  C-1RCLC - 

XC  -  YC  PAD 1 US 

200.00  IPft.OO  40.00 

200.'  00'  120.00  45.00 

POO.  on  120.  00  50.00 

200.00  120.00  55.00 


COHESION 
0.  00 
0.  00 
0.  00 
0.  00 
0.00 
•  •  0.00 
•  0.00 
0.00 
0.00 
0.  00 


1 119.56 
7904.01 
16269.65 
25519.38 
35553.92 


1.4523 

1.6007 

1.7935 

1.9306 

2.0132 


PROll  CM  MODE 
J  XC-MIH.XC-MEtX 
VC-MJM.  VC  -r.s, 


2-VARIADLE  CIRCLE)?  2 


nKvrfes  t'OFMc;eri*,MCb*iM 


EARTHCMJAFE  COEFFICIENT?  0 


- FAILURE  CIRCLE - 

XC  YC  RADIUS 

230.00  100.00  30.00 

230. 00  1 00. 00  35. 00 

230.00  100.00  40.00 

230.  uO  100.00  45.00 

Mltll MUM  SAFETY  FACTOR 
FDR  CENTEP  *  <  230.00 


— . —force:  — 

COHESION  FRICTION 
0.00  4313.02 

0.00  16819.17 

0.00  333S8.59 

0.00  52073.95 

1 . 5471 4242 l £♦ 00 
100.00)  AND  RADIUS  « 


ANOTHER  ANALYSIS  ON  THIS  SLOPE?  0 


6  PRIME 


PF-Orttn  NUDE  <1=FIXEP  CIRCLE*  2aVAPIADLE  C IPCLE) 7  2 

xc-min.::c-na  :.xc-imcp7  230*240. 10 
yc-min.yc-ma::. yc-Incp?  i  1  o.  1 1  o.  o 

PAP-MIM. PAP-MAX. PAD- INCP~  4  0.55.5 

INUMITF  OF  COLUMN  LOmIi:  to  IE  ADDED*  changed  op  deleted?  0 
rni'fHNtinT  l  C  III  \  FICIEMT?  0 


- FAILURF  CIPCLE - 

—forces-— 

FACTOR  OF 

XC 

YC 

pad i u: 

COHESION 

FRICTION 

DP  1 V I NG 

SAFETY 

230.00 

1  1  0.  00 

4  0.  00 

0.  00 

6799.  66 

44  35. 4  7 

1.5330 

*  230.  00 

1  1  0.  00 

45.  00 

0.  00 

21  162.56 

13119.66 

•  1.6130 

230.  00 

1  I  0.  00 

50.  00 

0.00 

40399. 65 

24265.22 

•  1.6655 

230.  00 

•  110.00 

55.  00 

. ...  0.  00 

61585. 37 

37344.32 

•  • 1 . 649 1 

24  0.  00 

1  1  0.  00 

40.  00 

•  0.  00 

1024.54 

695.26 • 

»•  -1 . 4736 

‘  24  0.  00 

1  1  0.  00 

45.  00 

0.  00 

11432.39 

7363.92 

•  -  1.5523 

24  0.  00 

1 1 0. 00 

50.  00 

0.  00 

29359. 36 

17462. SO 

1.6240 

1  24  0.  00 

1  1  0.  00 

55.  00 

0.  00 

47822.62 

29315. 16 

1.6313 

MINIMUM  SAFETY 

FAC  TOP  » 

1.473619315E-*00 

FOP 

CEMTEP  «=  < 

24  0.  00* 

110.  oo>  and 

RADIUS  - 

40.  00 

flHOIMIR  f  INAL  VS  1 S  ON  THIS  SLOPE7  I 


f  POM  (  1  MllIC  <  1  =  F  1 XEP  CIPCLE.  2»VAPIAFLE  CIPCLE>?  2 
XC-MIN.XC-MmX.XC- I NCR?  240*250. 10 
VC  -MIN.  YC- MAN'.  VC- If’1  P  7  1  0  0  •  1  0  0  •  0 
RHP'  M 1 N •  £ Hp-MA" ;•  PAP-  1 MC  P?  35.50*5 

Ml  IN  pj  R  OF  COLUMN  LOADS  TO  PE  ADDED.  CHANGED  OP  DELETOUU 
EARTHQUAKE  COEFFICIENT7  0 


- r All  Hl  f  C1RCII 


-fopcfs 


factor  of 


\  i 
F 

C'-.v 

€ 


r 

% 


XC 

YC 

RADIUS 

COHIS1UN 

1  PICT  ION 

DRIVING 

SfUETY 

Mu.  no 

1 00. 00 

35.  00 

0.  00 

8719.47 

•  555 1.11 

•  1.5709  • 

24  0.  00 

1  00.  00 

4  0.  00 

0.  00 

£3192.92 

13951 . 39 

1.6624 

2 4  0.  Ou 

1  00.  00 

45.  00 

©•  oo  •• 

40048.66 

24  056 .79 

•  1 . 6648 

24  n.  (Hi 

■  1(1(1,  UO 

—  *J  ..  ,  ^ 

57749.26 

.•  *  K  i. 

«•  *  •  •»  •  v  »• 

34986.59 

1.6505 

1 . 4  .-i 

250.  00 

1 00. DO 

.  55.  o  >  . 

....  If.  Ow 

'  2:.n.  no 

1 UO. 00 

4  0.  00 

0.  00 

13929.61 

8450. 08 

1.6485 

250.  UO 

*  100.00 

45.  00 

0.  00 

29935.18 

16938.56 

1 . 7673 

250.  00 

1  00.  00 

50.  00 

0.  00 

46656.26 

26470.99 

1.7625 

.  .  MINIMUM  SAFETY 

FACTOR  = 

1 . 4 992 1 0 0 73E ♦ 0 0 

FUR 

CLMTCP  =  < 

250.  0O» 

1  00.00)  AMD 

RADIUS  ■ 

35.  00 

:» *  > 


ANOTHER  ANALYSIS  ON  THIS  SLOPE?  1 


1 


rroflem  mope  <i»fi>:ep  circle,  2-variafle  circle)?  2 

XC-MIH.XC-I1AX.XC- 1  NCR?  240*240. 0 
YC-MIM.YC-MAX.YC-INCP?  140. 140. 0 
rap-m in. pap-max. rap-incp'  70.85*5 

IIUMIER  OF  COLUMN  LDAPS  TO  FE  ADDED.  CHANGED  OR  PELETEP?  0 
EHkTHOUAkE  COLFF ICIEMT7  0 

V.- 

*.  - FA  I  LUFF  CIRCLE -  - FORCES - 


XC  •  • 

•• .  vc 

RADIUS 

COHESION 

FRICTION 

DRIVING 

240.  00 

•  140.00  * 

70.  00  • 

-  •  — *  0.00 

4780.36- 

3227.28 

240.  00 

140.  00 

75.00 

....  0.00 

21369. 77 

13992. 17 

240.  00 

140.  00 

80.00  - 

•  ■  0. 00 

45086. 05 

28522.79 

240.  00 

14  0.  00 

35.  00 

•  ■  0.00 

71339.32 

43595.81 

MINIMUM  SAFETY 

FACTOR  - 

1 . 481236005E+00 

FOR 

CENTER  =  < 

240.  00. 

14  0.00)  AMP 

RADIUS  « 

70.  00 

.ANOTHER  ANALYSIS  OH  THIS  SLOPE?  1 


ppori cn  mope  <i«finep  cipcle.  2«variafle  circle)?  2  . 

XC-MN.XC-MAX.XC-INCP7  24  0.24  0.  0 
VC-M1N.YC-HAX.  YC-1NCR?  1  ST*.  1  3?.  0 
RflP-MIN* RAP-MAX. RAP-I NCP?  65 •  S' 0 * 5 

MUMPER  OF  COLUMN  LOOPS  to  FE  RI'I'EP*  CHANGED  OR  PELETEP?  0 
EAKTHOUAKE  COLFF IC1EMT?  0 


•  •  • 
/•  *.• 


FRCTOP  of 
SAFETY 
•  1.4912 

•  1 . 5272 

-  1.5807 
-  1.6364 


- FAILURE  CIRCLE - 


XC 

240.  00 
240.  00 
24  0.  00 
24n.  00 


YC 

135. 00 
135. 00 
1 35. 00 
1 36. 00 


RADIUS 
65.  00 
70.  00 
75.  00 
90.  00 


HIM  HUM  SAFETY  FAC  TUP 


- FORCES* 


FOR  CENTER 


240.  00. 


COHESION  FRICTION  •  PPIVING 

0.00  3966.75  2679.33 

0.00  •  19537.68  12770.35 

0.00  42188.90  26700.43 

0. 00  67556.94  41732.50 

1 . 48049974 3E* 00 

135.00)  AND  RADIUS  «=  65.00  • 


FACTOR  OF 
SAFETY 
•  1.4805 

•  1.5299 

1.5301 
1 .6188 


ANOTHER  ANALYSIS  ON  THIS  SLOPE?  1 


RPOFlFM  NOPE  < 1 =F IXEP  CIPCLE.  2= VARIABLE  CIRCLE)?  2 
XC-MIH.XC-MAX.XC-1HCP?  £50*250. 0 
YC-MIH.YC-MAX.YC-1MCR?  11 0* 1 10. 0 
RRP-M1H.PAI.-A9>:.  RAP- I  NCR'  45.60*5 

HUM!  ER  OF  COLUMN  LOADS  TO  FE  API-EP.  CHANGED  OR  PELETEP? 


COEFFICIENT7  0 

laf-f  c  ipcle - 

•  vc  pamu: 

-FORCES - 

FACTOR  OF 

is-* :  JO'i 

CR!CT12N 

:  =  !’*1NG 

SAFETY 

1  10.  00  45.  O'* 

0.  00 

3807 .76 

*542.61 

1 .4376 

1  1  0.  00  5".  •'••• 

0.  00 

17549. 34 

10732. 16 

1 . 6276 

1  1 0.  00  55. 00  * 

0.00 

36133.53 

20:83.36 

1.7303 

1  1  0.  OO  60.  00 

0.  00 

55265. 52 

32 127. 72 

1.7202 

£30.  00  1  1  V.  '.'U 

250.  00  1  1  0.  00  5".  An 

250. 00  1  1 0.  00  65. 00  ' 

250.  00  I  1  0.  00  60.  00 

MINIMUM  SAFETY  FACTOR  - 
FUR  CENTER  *  <  250.00* 


I. 4975302C;  E+0O 
110.00)  AND  RADIUS 


Alim  III  P  AIM  v:  IS  ITU  Till'  'I  III  I  7  1 


F’POPl.EM  riDDE  (1-FlXEP  CIPCLE*  2-VRP1RPLE  CIPCLE)?  2 
XC--M I M* XC-NRX* XC- 1 MCP?  220»230«10  . , 

VC-H IN*  YC-Nn.X •  YC- 1 MCR"7  130* — 5«  135»  0 
rod-  m i h •  puh-mrs- •  rhi>- I  hcr  7  60*75*5 


• .  'll  •»-.  .»• 

t' 


HIJH |*f  R  UF  COLUMN  LORDS  TD 
ERPTHC’Un)  E  CUEFF  IC  lt'MT?  0 

- FAILURE  CIRCLE - 


PE  ftPI'EPt  CHRMGED  DP  DELETED"  0 


-FORCES- 


FACTOR  DF. 


xc 

YC 

Rm PI  US  • 

CCJHES10M 

FRICTIOM 

DPI  vine. 

SRFETY  : 

220. 00 

135. 00 

€•0.00 

0.  00 

7604.14 

5103.24  ... 

1.5019  * 

220.  00 

135. 00 

€•5.  00  • 

0.  00 

24870. 86 

14879.75 

•  1.6312 

220.  00 

•  135.00 

70.  00 

. 0.00 

46285. 85 

£5???. 52 

1.7014 

220.  00 

135.00 

75.  00 

•  •  0.  00 

70812.4? 

?■':  092.91 

1 . 6589 

£30.  00 

1 35. 00 

€  0.  00 

0.  00 

362.54 

569.24 

1.4639  — 

230.  00 

1 35. 00 

€>5.  00 

0.  00 

13036.20 

65?4.38 

1.5167  . 

230.  00 

135. 00 

70.  00 

0.  00 

32831.74 

2073?. 07 

1.5931 

230.  00 

1 35. 00 

75.  00 

•  0.  00 

57933.32 

3423?. 03 

1.6921 

m m mum  safety 

FRI  T  DR  * 

1. 46380256 8E+00 

.»•  . 

FOR 

CEMUR  -  < 

230. 00. 

135.00)  RMP 

PRIMUS  = 

60.  on 

t  •  »« 

AUDI MLR  ANALYSIS  ON  THIS  SLOPE?  1 

Irporicri  MHI'E  <  1  «=F  I>:rp  CIRCLE.  2*VAR1ABLE  CIRCLE)?  2 
iXC-MIH.XC-MAN.XC-inCF7  21 0*230. 1 0 
j YC-MIM* YC-MAX.  YC-IHCP*7  140* 140. 0 

RRP-ttl  H*  F  RI'-HU)  *  F  UP- 1  N-  F  •  65*90.5 

in  IT  ADDED.  CHARGED  fTP  OF  I  FTFP?  n 


RAP 

,^>MT>ro  nr  rnillMM 

>•!'  •  * 


----FRILUF E  C1FCLE - 


•r-cDt-  _ 


FACTO-  DE 


i  XC 

YC 

RADIUS 

CDHE i ION 

FF1'  1  I  DM 

I’F  1  •»•*» 

!R*  ETY 

£1 0. 00 

1 4  0.  no 

65.  oo 

0.  00 

'  176 45.08 

V7-.i4.59 

1.6034 

cl  0. 00 

1  40.  00 

•  ro.Vo » 

•  *  0.  00 

‘  26492. ?5 

16597.8? 

1 .  ?• 87 

210.0O- 

~  14  0.00 

75.  oo 

0.  00 

56020.  ?4 

29645. 66 

2. 0255 

i  210.  00 

14  0.  00 

60.  00 

0.  00 

62? ?6. 32 

39711.90 

2. 0900 

.  220. OOj 
:  220.00 

14  0.  00 

65.  00 

0.  on 

6742. 12 

5791.38 

1 . 5095 

14  0.  op 

70.  00 

0.  00 

25996. 95 

1 5594 . 26 

1 . 6671 

220. 00 

14  0.  00 

75.  00 

0.  00 

48462. 70 

26606. 32 

1.9079 

220.  00 

14  0.  on 

60.  00 

0.  oo 

73376. 39 

39099. 77 

1 . 6<  ^6 

230. 00 

140.  00 

65.  00 

0.  00 

1305.69 

890.76 

1 . 4653 

230.  00 

14  0.  00 

70.  00 

0.  00 

14504. 76 

9574 . 95 

1.514? 

230. on 

14  0.  00 

75.  00 

0.00 

35131.93 

£1946.33 

1.6003 

.  230.00 

14  0.  00 

60.  00 

0.  00 

6 1 054 . 26 

35557. 99 

1.7170 

Mini MUM  SRFETY 

FRC 1  DP  « 

1 . 465921 1 6 1 E+00 

FIJP 

C  EMTER  a  < 

230.  00* 

140.00)  RMP 

PRD  I  L>S  = 

65.  00 

AMOTHLP  ANALYSIS  OM  THIS  SLOPE? 


/• 

u 


kiiru.o  MiiLBUEnwici-woDL’si? 

XC-MlN.XC-MAX.XC-lNCR’  200*21  0*10 
Yf-mn.  YC-NAX.YC-INCR7  130.  1 30*  0 
phD'MIn.rad-max.raii-incf’  50*?o*5 

iii mi  r r  nF  cnumn  load:  to  pe  added.  changed  dr  deleted?  o 

l  n»  1H  Ijut- 1  llltFF  ILltlll  *  u 


- pnprrr-- 

CDHcriiiH  FFicimn 

0.00  8331.75 

0.00  23539.28 

0.00  40*1*. 59 

0.00  *1154.47 

0.00  80049.29 

0.00  2810.12 

0.00-  15257.13 

0.00  33324.92 

0.00  5389*. 80 

0.00  77572.05 

.48392*5c*E*00 
130.00)  AND  RADIUS  - 


FACT DP  D 
SAFETY 
1.917 
2.172 
-  2.220 


- rnii in  i  circit - 

XC  ,  YC  FmDIUS 

200.  mu  1  3m.  00  50.  00 

200.00  130.00  55.00 

200.00  130.00  *0.00 

200.  00  130.  00  *5.00 

200. 00  130.00  70. 00 

210.  00  130.00  50.00 

210.00  130.00  55.00 

210.00  130.00  *0.00 

210.00  130.00  *5.00 

*2  10.0m  130.00  70.00 

MINIMUM  SAFETY  FACTOR  ■ 
FUR  CENTER  «*  <  210.00* 


DPI VIA* 
4t«05.  *9 

10835.31 
18295.10 
2*772.7 7 
36137.61 

1893.71 
9013.  17 
17*21.64 
27307.47 

37888.32 


ANOTHER  ANALYSIS  DN  THIS  SLDPE? 


ft*  to  •-*  4. 


I.IST  OF  RFPFRKNCF.S 


1.  Kn'tii  mended  QuUlol  lnew  for  Suf  ft  y  I  nspei  I  1  on  ol  O.ijus,  lVpnr  I  moot 
of  tin  Armv,  Office  of  the  Chief  of  Engineers,  Washington,  O.C. 
20  114. 

IIEC-I  Flood  Hvdrojyrnph  Package,  Hdvrologic  For  I  nee  ring  Center, 
li  S  Armv  Corps  of  Engineer**,  D.ivts,  California,  1  ** 7  J 

3.  U  S  Weather  Bureau  and  U  S  Armv  Corn#  of  For  lneers ,  ''Seasonal 
Variations  of  Probable  Maximum  Free lpl tat  Ion  East  of  tin*  1 05  th 
Mod  i  m  for  Arena  from  10  to  1,000  Square  Mill’s  ind  Durations  of 
*>,  1 2j  24  and  48_  flours^,  llvdromet  oorologlcnl  Report  No.  11, 
Washington,  D\C.,  April  1956. 


I 


I 


f  » 


